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Introduction 


Propagation through vegetative growth 
is essentially ubiquitous in the mosses. 
Protonemata, buds, leafy shoots and ulti- 
mately independent plants originate regu- 
larly on the leafy gametophytes. Other 
specialized propagative structures occur 
less commonly. Even the sporophytes 
of many mosses display similar asexual 
reproductive behavior. These related 
phenomena are commonly referred to as 
acts of “ regeneration ” (a term basically 
signifying replacement of lost parts) in 
the past and current literature on the 
subject. 

The inception and growth of propaga- 
tive structures ( protonemata, buds and 
shoots ) on the leaves of many mosses may 
occur naturally or may be induced by 
experimental techniques. Protonemata 
which regularly produce buds, originate 
at opportune places on the leaf. In some 
instances growth originates as a bud which 
appears to grow from superficial cells of 
the leaf (Gemmell, 1953; Chopra & 
Sharma, 1958; Noguchi & Mizuno, 1959 ). 
This propagation directly from a leaf has 
been generally regarded as contingent on 
complete separation of the organ from the 
parent stem or its parts ( Heald, 1898; 
Meyer, 1942; Gemmell, 1953; Noguchi & 
Mizuno, 1959). 

Vegetative generation from leaves intact 
on the stem has been reported in only a 
few mosses. Chopra & Sharma note 
such activity in attached leaves of Pogo- 
natum microstomum (R. Br.) Brid., and 
Narayanaswami & Lal (1957) found 
propagative structures developing on both 


attached and detached leaves in Physco- 
mitrium cyathicarpum Mitt. 

Current studies on vegetative multi- 
plication in leaves of Polytrichum commune 
Hedw., grown in in vitro cultures, demon- 
strate that intact and unwounded leaves 
may be induced to initiate growth leading 
to production of new and separate plants. 
( It was this species and a few related types 
that persistently defied attempts at “ re- 
generation ” by LaRue, 1930). 

These experiments were based on the 
assumption that an effective inhibition of 
propagative growth in individual leaves 
is exercised by a multi-leaved plant. 
Further, this inhibition was seen to be 
nullified in a detached leaf. The beha- 
vior itself is one of common occurrence — 
both in these trials and in those of pre- 
vious workers. The exact causes are not 
clear. It was surmised at the outset, 
however, that the inhibition extended by 
the parent plant in its entirety might be 
reduced to ineffective levels by employing 
successively smaller segments of the stem, 
each bearing at least one intact, appropri- 
ately vigorous leaf, planted on a variety of 
media. 


Materials and Methods 


The basal mineral medium employed 
was that of Knudson, used earlier for fern 
prothallia ( Ward, 1954), with the micro- 
elements (modified after Nitsch, 1951 ) 
commonly used in related cultures in these 
laboratories. Supplementary additions 
of sucrose (0-25 per cent to 1 per cent ) 
were regularly employed. Agar medium 
with distilled water only was generally as 
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satisfactory during initiation of propaga- 
tive growth (also noted by LaRue and 
recently by Narayanaswami & Lal), al- 
though subsequent development was en- 
hanced by nutrient agar in the present 
trials. Naphthaleneacetic acid ( NAA ) in 
varying amounts enhanced production of 
light green protonemata, but it was neither 
necessary for nor significant in inducing 
propagation. Room temperature and 
natural light were generally used, al- 
though comparable results were had in 
the culture room at 74°F., and under 
mixed incandescent and fluorescent light. 
Neither the plants nor their parts were 
found to be affected greatly by orientation 
on or in the medium. 

Determinations of propagative activity 
were made between 5 and 15 days after 
the specimens were planted, as the condi- 
tions of culture employed — especially 
that of high humidity — were conducive 
to rapid response. ( Establishing of either 
protonemata or buds on the leaf was re- 
garded as positive activity. ) 


Observations 


In the first trials, entire and vigorous 
plants (Fig. 1) with up to 20-30 leaves 
were placed on agar in flasks with the 
leaves in contact with the medium or 
extending slightly below the surface. 
Protonemata and axillary buds developed 
in profusion, the former apparently from 
the leaves themselves. Examination dis- 
closed that all these outgrowths originated 
from the stem, as widely noted by pre- 
vious workers. In similar attempts with 
detached leaves (Fig. 3) from the same 
kind of plants, all specimens regularly 
evinced propagative outgrowths within 
five days. These two observations sup- 
ported the assumption that propagation 
might be induced in specific leaves still 
attached to short stem segments or stems 
from which varying numbers of leaves 
had been removed ( Figs. 8, 9, 10, 13 ). 

Removal of the growing shoot tip ( Fig. 
2) was followed by no growth activity on 
the remaining, intact leaves. The lower 
leaves, slightly injured near the point of 
attachment to the stem, here as elsewhere 
in the experiments, regularly displayed 
new propagative growths, Such mani- 
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Fics. 1-7 — Diagrammatic representation of 
types of specimen preparations used in testing 
for induction of propagative activity in intact 
and detached leaves of Polytrichum commune. 
Fig. 1. Plant with intact apex and full comple- 
ment of leaves. Fig. 2. Similar plant with apex 
and attendant leaves removed. Fig. 3. Detached 
leaf. Fig. 4. Stem segment with two leaves 
intact. Figs. 5, 6. Partially denuded stems with 
few intact leaves. Fig. 7. Denuded stem with 
intact apex and adjacent leaves. 


festations were presumed to result from a 
reduction in effective contact of the leaf 
with the stem. 

Stem segments (1-2 mm in length} 
with at first one and later two leaves. 
attached were prepared as in Figs. 8, 9. 
Rapid appearance of propagative out- 
growths here prompted use of longer seg- 
ments of stem, subsequently including 
more leaves, Initiation of outgrowths 
followed on as many as five leaves, all in- 
tact on a virile stem segment. (In all 
trials the stem sections were checked for 
virility as reflected by their own propa- 
gative activity to insure that the leaves 
were indeed a part of a living, active plant 
unit. ) 

Propagative structures developed regu- 
larly on basal leaves attached to the stem 
as shown in Figs. 5, 6. Growth of new 
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Fics. 8-13 — Responses to vegetative propagation trials in Polytrichum commune. Fig. 8. 
Young bud and vigorous protonemal outgrowths (arrow) on leaf attached to 2 mm stem segment 
after 18 days on agar medium. Often no leaf outgrowths occur in presence of new, active stem- 
borne shoot (as at right). Figs. 9, 10. New shoots appear on two and three leaves on short, live 
stem segments after a few days on agar. Fig. 11. Only protonematal outgrowths occur along 
denuded stem, below intact, growing apex and attendant leaves. Fig. 12. New shoots ( arrows ) 
and protonemal growths on leafy moss plant 12 days after excision of apical region. Fig. 13. Stem 
segment (upper region previously denuded ) bears rich growth of shoots and protonemata. New 
“ shoots (easily detached at this stage and capable of independent existence ) are borne on one of 
two leaves left intact on lower portion of stem (arrow). Initiation of these growths took place 
prior to rapid growth of new stem-borne shoots above. Second leaf (at left) bears no obvious 
propagative structures, a common occurrence when situated below vigorous, new stem-borne ap- 
pendages. (Plants are photographed in water in living condition.) 
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parts here was contingent on the rapidity 
with which new leafy shoots developed 
along the denuded section of the stem. 
Early appearance of vigorous adventitious 
buds (which rapidly formed shoots ) 
clearly inhibited establishment of propa- 
gative appendages on the leaves below. 
No such activity occurred on the less 
mature leaves at the top of the stem seg- 
ments, even in the absence of stem-borne, 
adventitious buds and shoots. 

Plants treated as in Fig. 7 gave no evi- 
dence of propagative growth on the leaves, 
and few protonemata and leafy shoots 
appeared along the denuded stem ( Fig. 
11). Inhibition by the active shoot 
region above was indicated. New shoot 
formation, either axillary or along the 
denuded stems, was common in stem pre- 
parations in which the apex was remov- 
ed ( Figs. 12, 13). 

Possible explanations for the presumed 
inhibition of new propagative activity in 
the intact moss leaves have been sought 
in use of NAA on both detached leaves 
and those on short segments of stem. In 
one series of experiments, leaves (as in 
Fig. 3) were planted base down in agar 
medium with 10 mg/l of NAA. Suitable 
controls displayed 100 per cent propaga- 
tive growth within 12 days; 43 per cent of 
the leaves in the NAA showed no such 
activity, and the remainder bore only very 
small buds. 

A second trial made use of plants pre- 
pared as in Fig. 4 but inverted in the 
medium to test for evidences of polarity 
of growth substance transfer in a medium 
containing 20 mg/l NAA. Controls 
planted upright in the same type of 
medium showed about three times the 
propagative activity in the same period. 
Applications of NAA in lanolin have been 


PHY TOMORPHOLOGY 


[ December 


inconclusive for both leaves and leaf- 
bearing stem segments. 

The necessity for ‘ wound” stimulus 
in propagative growth in moss leaves has 
been suggested. This essential prelude 
to multiplication was accomplished, in 
earlier views, by detaching the leaf or 
causing injury to the organ still attached 
to the stem ( LaRue, 1942). The present 
studies point to no such requirement. 
Instead, they suggest the need for removal 
or reduction of inhibitory forces exerted 
through the stem by the growing leaves 
and shoot tip from above. Perfectly virile 
leaves attached to a virile stem may regu- 
larly form adventitious outgrowths if the 
active shoot apex and immediately atten- 
dant leaves are removed, and if the stem 
above the experimental leaves is kept free 
of new and vigorous shoots. Once a bud 
(and, subsequently, a leafy shoot ) deve- 
lops on a leaf, it seems immune to inhibi- 
tory forces that earlier may have been 
manifest against it. 

Production of new plants through 
vegetative propagation from Polytrichum 
leaves can thus be accomplished quickly 
and with predictable regularity on suitable 
media, in sterile culture, and under high 
humidity. Experiments employing simi- 
lar culture practices should also favor 
assessment of the physiological causes of 
propagative growth phenomena described 
for these studies. 

This research was supported by grants 
from the National Science Foundation 
( G-6081 and G-8650 ), and was part of a 
project directed by Professor R. H. Wet- 
more as principal investigator under the 
grants at the Biological Laboratories, 
Harvard University. Miss Lydia Thomas 
assisted in planning and carrying out the 
experiments, 
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STUDIES IN THE ORDER PIPERALES — VIII. 
A CONTRIBUTION TO THE MORPHOLOGY OF 
HOUTTUYNIA CORDATA THUMB!” 


Win oe EUR LY 
School of Plant Morphology, Meerut, India 


Introduction 


Houttuynia is one of the three genera 
belonging to the family Saururaceae. 
Our knowledge about its morphology is 
very fragmentary. The little that is 
known concerns the anatomy of the vege- 
tative organs and embryology. 

A perusal of the literature on embryo- 
logy reveals that the development of the 
female gametophyte in Houttuynia cor- 
data is very different from that in other 
allied members. For instance the embryo 
sac in Houttuynia is described to be of the 
Normal type ( Johnson, 1905; Shibata & 
Miyake, 1908 ), while in Saururus ( John- 
son, 1900 ) and Anemopsis ( Quibell, 1941 ) 
it is considered to be of the Scilla-type. 
Other morphological points as the struc- 
ture and interpretation of the stipules, 
the arrangement of bracts in the inflore- 
scence also require attention. Maekawa’s 
( 1949 ) work covering some of these topics 


has left much to be desired. A detailed 
study of Houttuynia was, therefore, under- 
taken. 


Material and Methods 


The flowering and vegetative material 
of Houttwynia cordata was collected and 
fixed in FAA by my colleague, Dr M. L. 
Banerji, in June 1953, while he was on a 
collection tour in East Nepal. Prof. P. 
Maheshwari gave me some paraffin embed- 
ded material, collected from Dacca. 
Sections were cut 8-12 u thick. Various 
stain combinations like crystal violet and 
erythrosin, safranin and fast green and 
Haidenhain’s iron alum haematoxylin. 
were used for different purposes. 


Observations 


EXTERNAL MORPHOLOGY — Houttuynia 
cordata, the only recognized species of the 


1. Based on portion of a thesis accepted for a Ph.D. degree of the Agra University. 
2. Research contribution No. 22 from the School of Plant Morphology, Meerut College, 
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genus, is a perennial herb about 30 cm in 
height. It occurs in marshy or moist 
shady localities of Japan and temperate 
Asia extending up to 1,600 meters above 
sea level. The slender angular stem bears 
alternate, simple, petiolate, 5-7 nerved 
leaves. Each leaf has a sheathing base 
and a membranous intrapetiolar stipule 
on its adaxial side. A small membranous 
prophyll surrounds each lateral branch 
like a closed sheath. 

The spikes are commonly described as 
solitary, leaf-opposed or sometimes ter- 
minal. The peduncle is ridged and is 
longer than the petiole. The lower 4-8 
bracts are large, up to 1-5 cm wide, white, 
and serve as an involucre-like covering for 
the whole inflorescence. The upper bracts 
are very minute and obscure in young 
condition. The flowers are naked, tri- 
merous and perigynous. The three sta- 
mens separate higher up from the ovary 
wall and project longer than the stigmas. 
Each anther is four-celled and introrse. 
The ovary is tricarpellary, syncarpous, 
and unilocular with three parietal placen- 
tae bearing many orthotropous, bitegmic 
ovules. The styles are recurved with 
inner stigmatiferous surface. 

VEGETATIVE ANATOMY — Observations 
on a young internode agree in all essential 
respects with those of Metcalfe & Chalk 
(1950); hence they are not described 
here. 

A transverse section of a flowering node 
shows about fifteen bundles arranged in a 
ring (Fig. 1). Seven of these pass out 
almost simultaneously as leaf traces ( Fig. 
2). Since the last two traces on either 
side leave only a common gap the node is 
pentalacunar. The two marginal traces, 
one on either side, give off one branch each 
while the others remain undivided 
throughout the petiole ( Figs. 3, 4). At 
the same time the remaining bundles of the 
central stele branch, bridging somewhat 
the gaps caused by the exit of the leaf 
traces ( Fig. 3) and rearrange themselves 
into two groups ( Figs. 4,5). The group 
of bundles next to the leaf divide quickly 
into about twelve or more bundles forming 
the vascular cylinder of an axillary branch 
(Fig. 44). The second group that oc- 
curs next to this has 7-9 bundles that are 
somewhat bigger than the branch bundles 
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and constitute the vascular cylinder of the 
peduncle ( Fig. 5B ). 

Even before the separation of the leaf 
base from the axis a single bundle diverges 
from the stele of the axillary branch on one 
side (Fig. 5). This is followedsby two 
traces arising from the sides of the gap 
thus produced ( Fig.6). The first bundle 
supplies the prophyll and the other two 
the axillary bud of the prophyll ( Figs. 7, 
8). After its separation the prophyll 
surrounds the base of the branch as a 
closed sheath ( Fig. 8 ). 

The separation of the leaf is first effected 
against the median region and then ex- 
tends gradually towards the edges detach- 
ing the leaf base completely from the axis 
(Figs. 5, 6). The sheathing leaf-base 
is broad and membranous. It surrounds 
about three-fourths of the girth of the axis 
(Fig. 7) and has nine bundles that are 
evenly distributed. Upwards it becomes 
differentiated into a median swollen por- 
tion with five bundles and a narrow wing 
on either side with two small bundles 
each ( Fig. 8). The bundles in the swol- 
len portion of the leaf base come nearer 
and the marginal bundles of these divide 
once making a total of seven bundles at 
the base of the petiole excluding the sti- 
pular bundles in the wings ( Figs. 9, 10). 

A thin membranous structure separates 
off in between the leaf and the 
lateral branch. This is obviously the‘ 
stipule which consists of two narrow 
wings of the leaf base joined together 
by a strip of tissue separating from 
the median portion of the sheathing leaf 
base (Fig. 10). Each margin contains 
two (occasionally more) small bundles” 
produced by branching of the two small! 
marginal bundles of the leaf base. Signi- 
ficantly enough the central connecting 
bridge does not have any vascular bundle, 
10) its cells contain no chloroplasts (Fig. 

After the separation of the stipule the 
petiole appears more or less triangular in 
cross-section (Fig. 10). It is ridged on 
the abaxial side, there being correspond- 
ing ridges for the seven bundles. Every 
bundle now develops a somewhat thick 
cap of sclerenchyma on its outside. Be- 
sides forming the hypodermis layer, the 
secretory cells are also found scattered 
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Fics. 1-14 — ( A, supply of axillary branch; B, supply of main axis; Jt, leaf trace; oc, oil cell: 
pa, palisade; pr, prophyll; prb, prophyll bud; pt, petiole; sti, stipule). Figs. 1-10. Serial cross- 
sections of a node showing vascular supply to the leaf, prophyll and its bud. Note the stipule 
in Fig. 10 and the main axis (B) opposite the leaf base. x 17. Figs. 11-13. Parts of cross-sections 
‚of leaf at different regions; note stomata, palisade and oil cells. x 157. Fig. 14. Upper epider- 
‘mis of the leaf showing two trichomes. x 87. 
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Fics. 15-24 — Serial transections of infloresce f i 
N ee eae nce from base upward showing the order of 
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like the clustered crystals in the 
ground tissue. The vascular bundles 
show little change during the course 
through the petiole, but on entering the 
base of the lamina they begin to separate 
apart and supply the lamina. The cen- 
tral bundle, alone, continues into the leaf 
apex. 

The dorsiventral lamina has numerous 
stomata on the lower and comparatively 
few on the upper side. Each stoma is 
surrounded by a rosette of 4-6 epidermal 
cells ( Fig. 11). The cuticle is well devel- 
oped around the stomatal opening form- 
ing a vestibule-like structure with over- 
hanging borders (Fig. 11). Along the 
prominent veins there are numerous epi- 
dermal hairs on the underside ( Fig. 12). 
The upper and lower hypodermal layers 
are composed of large and conspicuous 
cells some of which are secretory in nature 
(Figs. 13, 14 oc). The mesophyll is differ- 
entiated into 1-3 layered, loosely arrang- 
ed, palisade tissue and 3-4 layered spongy 
parenchyma. Veins and veinlets are sur- 
rounded by thin-walled cells some of which 
are secretory. 

FLORAL MORPHOLOGY — The peduncle 
has a dissected siphonostele of 7-10 end- 
arch, collateral bundles ( Fig. 15). The 
first bundle that diverges out laterally to- 
wards right side from the stele corresponds 
to the lowest flower and its axillant bract 
(Figs. 16, 17). As this trace passes 
through the cortex, a part of it separates 
off as supply to the first bract and the 
remaining portion supplies the flower. 
The bract trace divides into three and 
then into five small branches which 
enter the bract before it is detached from 
the peduncle. The next trace to depart 
from the stele of the peduncle is for the 
second flower and its bract on the posterior 
side ( Figs. 17, 18). This trace also be- 
haves like the first. 

The third and fourth bracts arise suc- 
cessively and they are comparatively 
small but have well developed vascular 
supply (Figs. 19-21). All these four 
bracts are petaloid. The fifth and sub- 
sequent bracts are successively small and 
“insignificant (Figs. 22-24). They are 
generally not petaloid and receive a single 
trace each that does not show any branch- 
_ ing unlike the condition in the first four 
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petaloid bracts. In some inflorescences, 
however, the fifth, sixth, seventh and 
eighth bracts also are petaloid and have 
comparatively well developed vascular 
supply (Fig. 25). 

The bundle left behind, after the depar- 
ture of the bract supply, divides tangen- 
tially into two in the outer cortex of the 
peduncle (Fig. 21). Every flower thus 
receives two bundles placed somewhat 
antero-posteriorly (Fig. 26). The ante- 
rior of them splits into three, the two outer 
ones being the stamen-carpel strands ( the 
fusion products of stamen bundle and 
carpellary dorsal ) and the inner one being 
the anterior placental strand ( Figs. 27, 
28). The bundle towards the posterior 
side which lags behind somewhat also 
divides to form three bundles, two of these 
are placental strands and the third is the 
stamen carpel strand (Figs. 29, 30). 
Thus the two parent bundles divide to 
form three stamen-carpel strands and 
three placental strands all of which are 
endarch ( Fig. 31). At a lower level the 
ovarian chamber has already made its 
appearance. From equidistant points in 
the ovary wall three swollen placentae 
protrude in and bear many ovules, each 
of which receives a single trace from the 
corresponding ventral bundle ( Fig. 31). 

The three stamen-carpel strands tra- 
verse undivided up to about the middle of 
the ovary where every one of them divides 
into an outer stamen bundle and the inner 
carpellary dorsal (Figs. 32-34). Thestamen 
bundles pass out of the ovary wall into the 
base of their respective filaments which 
soon separate from the ovary wall. They 
are concentric and traverse unbranched 
through the length of the filaments. 

The ovary has now three dorsal bundles 
and three placental strands, on alternat- 
ing radii. The swollen placentae have 
some large secretory cells scattered here 
and there. In the upper region the 
placentae meet together in the centre 
rendering the ovary trilocular ( Fig. 35). 
At this level every placental strand splits 
into two ventral bundles. Every style 
receives one dorsal and two ventral bun- 
dles ( Figs. 36-38). The dorsals continue 
right up into the stigmas while the vent- - 
ral bundles disappear in the upper parts 
of the style ( Fig. 39). 
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Some exceptional cases concerning the 

structure of the ovary were observed. In 
a few the anterior placenta is not devel- 
oped in the basal region of the ovary, 
though the placental bundle correspond- 
ing to this is present (Fig. 40). Higher 
up, however, where the ovarian cavity is 
about to disappear, the missing placenta 
makes its appearance but does not bear 
any ovules ( Fig. 41). The three stigmas 
are normal though the anterior placental 
strand lags behind somewhat in dividing 
into two ventral bundles at the base of the 
style. 

In another flower the anterior of the two 
_ bundles entering its base had divided only 
into two stamen-carpel strands, the an- 
terior placental strand being completely 
suppressed. So the ovary in this case 
was biplacental ( Figs. 42-44). The two 
styles were unequal, the larger receiving 
two dorsals and two ventrals. In yet 
another instance there were four placentae 
inside the ovary. One of the two bundles 
at the base of the ovary gave rise to the 
two stamen-carpel strands and one placen- 
tal strand as usual. The other bundle on 
the posterior side first cut off two placental 
strands and then instead of developing 
into the third posterior stamen-carpel 
strand divided into three, two stamen- 
carpel strands and one placental strand. 
Thus there were four stamen-carpel 
strands and four placental strands corres- 
ponding to the four placentae ( Fig. 45 ) 
and four styles ( Fig. 46 ). 

In one flower the anterior stamen-carpel 
_ strand formed a bend (Fig. 47). The 
small protuberance was suspected to be 
the remnant of the perianth, but this 
could not be confirmed. Some abnormal 
stamens were observed showing a bifurca- 
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tion of the stamen bundle in the anther 
(Fig. 48). 

DEVELOPMENT OF THE MALE GAMETO- 
PHYTE — The wall of the anther consists 
of four layers — the tapetum, middle 
layer, endothecium and epidermis ( Fig. 
49). The tapetum is of the glandular 
type. Most of its cells become binucleate 
by mitotic divisions ( Figs. 50-52). They 
show signs of degeneration when the pollen 
mother cells start dividing (Fig. 53). 
The middle layer shows signs of flattening 
when the nuclei of the microspore mother 
cells are in the prophase of the heterotypic 
division and is almost completely crushed 
by the time the tetrads are formed. The 
endothecial cells acquire the characteristic 
fibrous thickenings at maturity ( Fig. 53 ). 
The reduction divisions are simultaneous 
and the spindles may lie parallel, or at 
right angles to each other ( Figs. 54-58 ). 
The tetrads may be decussate, tetrahedral 
or isobilateral ( Figs. 59, 60). A few 
microspore mother cells failed to undergo 
the second meiotic division producing only 
two “‘ microspores’ instead of the usual 
four. The first division of the microspore 
nucleus results in a small lenticular genera- 
tive cell and a large tube cell ( Figs. 61, 62). 

At maturity the two adjacent pollen 
sacs become confluent due to the disorga- 
nization of the separating wall. This is 
the region of dehiscence of the anther 
where 2-3 cells of epidermis and endothe- 
cium lacking fibrous thickenings remain 
narrow (Fig. 63). An abnormal anther 
showed three accessory sporangia in addi- 
tion to the four normal sporangia ( Fig. 
64 ). 

Ne Par ae AND FEMALE GAME- 
TOPHYTE — The orthotropous bitegmic 
ovule which at first appears horizontal on a 


Fics. 25-48 — (br, bract; C, stamen-carpellary dorsal common bundle; D, carpellary dorsal; 


St, stamen bundle; V, ventral bundle ). 
arrangement of bracts (1-8). x 23. 


Fig. 25. Cross-section of an inflorescence showing the 
Figs. 26-39. Serial transections of a flower showing the 


course of vascular supply to stamens and ovary; note the parietal placentae and separation of 


stamen and carpellary dorsal. x 23. 
- developed at lower levels. 
Another series with only two placentae. 


Note the third ill developed placenta in Fig. 41. x 23. 
Ventral bundle on the anterior side is absent. x 23. 


Figs. 40-41. Cross-sections of ovary with only two placentae 


Figs. 42-44. 


Figs. 45-46. Cross-sections of ovary showing four placentae in Fig. 45 and four styles in Fig. 46. 
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Fig. 47. L.s. ovary showing a bend on the right with corresponding bend in the bundle. 


x 30. Fig. 48. Abnormal anther with double vascular supply. x 137. 
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Fics. 49-64 — Fig. 49. Part of cross-section of anther showing wall layers and microspore 
mother cells. x 375. Figs. 50-52. Mitotic divisions of nuclei of tapetal cells resulting in 
binucleate condition. x 933. Fig. 53. Cross-section of mature anther showing fibrous endothe- 
cium. x 933. Figs. 54-58. Microspore mother cells in division. x 933. Figs. 59-60. Tetrahedral 
and isobilateral tetrads. x 933. Figs. 61, 62. Microspore nuclei showing formation of tube cell 
and generative cell. x 933. Fig. 63. Cross-section of dehisced anther (diagrammatic ). x 68. 
Fig. 64. Abnormal anther; note the number of microsporangia. x 205. 


parietal placenta soon assumes an oblique- three-layered all over as a result of peri- 
ly ascending position. The outer integu-  clinal divisions in its inner layer ( Fig. 69). 
ment is the first to arise but it is soon It is free from the nucellus and is separated 
followed by the inner which over-grows it from the outer by a dense yellowish secre- 
for some time ( Figs. 65, 66 ). However, tion. 

finally the outer integument overlaps the A single hypodermal archesporial cell 
inner ( Figs. 67-69). Each integument is differentiates in the young nucellus at a 
originally two-layered for the most part. very early stage (Fig. 66 ). The arche- 
The inner integument, however, becomes sporial cell does not cut off any wall cell 
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Fics. 65-69 —L.s. ovules at different stages showing the developing integuments. x 380. 


and thus functions directly as the mega- 

-spore mother cell. The epidermal cells 
immediately above the archesporial cell 
are comparatively large, and one or two 
of these may occasionally divide periclinal- 
ly making the epidermis two-layered. 

The archesporial cell remains undivided 
for a fairly long time and is long and promi- 
nent with a broader micropylar and narrow 
chalazal end ( Fig. 69). The nucellus is 
fully surrounded by the integuments by 
the time the prophase of the first meiotic 
division begins. The axis of the spindle 
is almost vertical or very slightly oblique 
( Figs. 70, 71 ) and the two nuclei produced 
are separated by a septum (Fig. 72). Of 
the two dyad cells thus formed, the chala- 
zal is always somewhat larger ( Fig. 72). 
The spindle may be vertical ( Fig. 73) or 
oblique (Fig. 74). The two nuclei thus 
formed are separated by an oblique (Figs. 
75-68) or transversely placed septum 
( Figs. 79-83). The lower cell is always 

_ longer and its nucleus is also comparative- 
ly large. The nucleus of the upper dyad 
cell lags behind the lower one in division 
( Figs. 74-76). The septum separating 


these two nuclei may be vertical ( Fig. 80 ) 
or somewhat obliquely so ( Figs. 77, 78, 81, 
83). In still other cases the upper dyad 
did not divide at all ( Figs. 75,82). The 
four megaspores are arranged as a T-shap- 
ed or a linear tetrad. 

The nucleus of the lower megaspore 
divides as usual and after three divisions 
gives rise to an 8-nucleate embryo sac 
of the Polygonum-type ( Figs. 84, 85a, b ). 
The synergids are hooked. The anti- 
podals degenerate rather early ( Fig. 87), 
although occasionally they may enlarge 
and become conspicuous ( Fig. 88 ). 


Discussion 


There are several points both in the 


vegetative and floral morphology which 


deserve some attention and hence they 
are discussed in some detail. 

THE STIPULE — On the basis of external 
morphology the stipules of Houttuynia 
have been variously described as intra- 
petiolar or axillary ( Lindley, 1853; Small, 
1937; Van Tieghem,-1891 ), intrapetiolar 
and sheathing (Le Maout & Decaisne, 
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1876). According to some authors they 
form an open stipular sheath with a ligule 
(Glück, 1919) or a petiole sheathing at 
base and produced into connate stipules 
( Baillon, 1874). This diversity in termi- 
nology is no doubt due to a difference in 
the interpretation of sheathing basal part 
of the leaf and a similar confusion exists 
for a number of other plants ( Arber, 1925; 
Philipson, 1935; Parkin, 1948; Mitra & 
Majumdar, 1952; Majumdar, 1955, 1956 
etc.). Hence the help of the course of 
vascular bundles was taken to determine, 
if possible, the real nature of the organ. 

In Houttuynia the expanded sheath- 
like part shows an arc of seven vascular 
bundles, three arising independently from 
the parent stele, and the other four in two 
pairs, each pair causing agap. However, 
the two marginal bundles, one on either 

side, give off a small branch each of which 
forms the stipular trace. These traces 
diverge into the extreme margins of the 
leaf base which are joined together by an 
adaxial strip of parenchyma which is cut 
off after some distance as a membranous 
intrapetiolar structure. Within this the 
stipule bundles may branch once or twice. 
A comparison of the transections of the 
_ sheathing base and the petiole reveal that 
the sheathing base with equidistantly 
arranged bundles on either side of the mid- 
rib region is nothing but the expanded 
part of the petiole or that the petiole is a 
contracted part of the sheathing base. 
Hence, it appears that the expanded part 
is merely a sheathing leaf base and does 
not contain the stipules. Philipson 
(1935 ) also interpreted the leaf sheath of 
- grasses in a more or less similar way. It 
is true that the stipular traces traverse 
the margins of the sheathing base but this 
alone does not necessarily make the mar- 
gins stipular. 

The free part, inner to the petiole, 
possessing the stipular bundles and their 
branches, is sometimes described as a 
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ligule ( Glück, 1919). The evidence cited 
above indicates that this structure is an 
axillary or intrapetiolar stipule derived 
from the fusion of two stipules. Its 
double nature is indicated not only by the 
dual vascular supply but also from its 
occasional splitting into two apices as re- 
ported by Glück ( 1919 ). 

The stipules in Houttuynia appear to 
have been carried upwards by the expand- 
ed sheathing leaf base as also in Rosa 
(Mitra, 1949). It may, therefore, be 
concluded that the sheathing part is the 
leaf base and the intrapetiolar membra- 
nous structure the axillary stipule. 

THE INFLORESCENCE — The  inflore- 
scence of Houttwynia is described as leaf- 
opposed (Hooker, 1885) or terminal 
( Baillon, 1874). The present study con- 
firms that it is both terminal and leaf- 
opposed. The peduncle of the leaf-oppos- 
ed spike receives a major portion of the 
vascular tissue left after the departure of 
the leaf supply. The one that carries the 
vegetative growth further is the axillary 
shoot arising in the axil of the leaf and 
hence the growth is sympodial. The 
axillary shoot grows more vigorously and 
pushes the parent shoot (the peduncle ) 
to one side. 

The presence of the single prophyll en- 
circling the base of the shoot situated 
between the leaf and the spike provides an 
additional proof, for this conclusion. It 
is well known that prophylls are the first 
leaves of the axillary shoots. For this 
reason we cannot help concluding this 
shoot as axillary and the inflorescence as 
the termination of the main shoot. 

THE Bract — The inflorescence of Hout- 
tuynia is often described as involucrate 
(Le Maout & Decaisne, 1876; Lindley & 
Moore, 1876; Hooker, 1885). The involu- 
cre according to these authors consists 
of 4-8 petaloid bracts. Baillon (1874), 
however, describes that the lower large 
petaloid bracts form a sort of involucre. 


ea 
Fics. 70-88 — ( ant, antipodals ). 

spindle. 

‘dividing. x 850. Figs. 75-83. Arrangement 


Figs. 70-71. Megaspore mother cells. 
x 850. Fig. 72. Upper and lower dyads. x 850. Figs. 73-74. Lower dyad cell 
of the megaspores; 


Note the position of 


in Fig. 75, the upper 


dyad cell has not yet divided and in Fig. 82 the upper dyad cell is undergoing degeneration. 
x 850. Fig. 84. L.s. upper part of the nucellus showing all the four nuclei in the embryo sac 
at telophase. x 850. Figs. 85a; 85b. 8-nucleate embryo sac. x 850. Figs. 86-87. Mature embryo 
sacs. x 850. Fig. 88. Embryo sac with enlarged antipodal cells. x 850. 
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Arber ( 1950 ) takes the inflorescence of 
Houttuynia as an example of a pseudan- 
thium. She compares the petaloid bracts 
having a papillose surface with white 
petals. It may be pointed out here that a 
true involucre does not exist in Houttuynia 
as the various bracts instead of arising at 
the same level separate in spiral succession 
along with their axillant flowers. The 
lower bracts are larger and petaloid and 
become successively smaller and non-peta- 
loid. The degree of branching of the 
vascular bundle within the bract depends 
on the size of the bract, in smaller bracts 
remaining undivided. Every bract, large 
or small, has a flower in its axil. It 
appears that in Anemopsis also the con- 
dition is not very different from Houttuynia. 
Quibell (1941) reports that the basal 
flowers just above the involucral bracts in 
Anemopsis are not covered by the floral 
bracts. The involucral bracts are really 
the lower floral bracts that have become 
petaloid as in Houttuynia. 

Maekawa ( 1949 ) has devoted consider- 
able attention to the arrangement of 
bracts in this genus. According to him 
the scale leaves on the rhizome and the 
leaves on the stem are alternate and the 
bracts in the inflorescence are differently 
arranged. He holds that the foliage leaf 
at the flowering node and the first largest 
bract are opposite to one another and so 
are the second and third, first and fourth 
and so on. Since the opposite bracts of 
a pair do not belong to the same node, 
he calls the arrangement as ‘ secondary 
pseudo-opposite ’’. 

Such an arrangement of bracts appears 
superficially correct, but the present 
anatomical study gives a different picture. 
The vascular supply to the bracts and their 
axillary flowers arise in a spiral sequence 
from peduncle stele just like that of the 
leaves on a stem. The largest and the 
outermost bract along with its axillary 
flower comes only second in the spiral. In 
an attempt to find out as to how the first 
bract is overlapped by this second one it 
was observed that one of the margins of 
the first bract is really the first to separate 
from the peduncle (Fig. 20), Its other 
margin, however, lags behind somewhat 
and separates only after the adjacent mar- 
gin of the second bract. Thus the second 
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bract which is the largest of all not only 
overlaps the third bract but also the ad- 
jacent margin of the first bract. Ap- 
parently the large size and outermost 
position of the second bract are secondary 
features connected perhaps with its posi- 
tion on the anterior side of the inflore- 
scence. In Houttuynia, therefore, the 
bracts and their flowers are arranged 
spirally as in Anemopsis ( Quibell, 1941) 
and resemble the arrangement of the 
leaves on the stem. Hence to interpret 
them differently under special names like 
“ secondary pseudo-opposite ’’, appears to 
be unnecessary and confusing. 

THE FLOWER — As already pointed out 
every flower in Houttuynia receives a 
single trace left after the separation of a 
branch for the subtending bract. This 
divides once before entering the base of 
the flower. This condition is in marked 
contrast with that reported in Anemopsis 
(Quibell, 1941) where the single trace 
divides into seven bundles in the cortex of 
the peduncle. Out of these seven bundles, 
one that is situated towards the periphery 
supplies the bract and the rest enter the 
flower. This difference is perhaps con- 
nected with the fact that the flowers in 
Anemopsis are partly sunken in the pedun- 
cle. In other respects, however, such as 
the behaviour of the placental and carpel- 
lary dorsal bundles, the adnation of the 
stamen and carpellary dorsal bundles, and 
the presence of three bundles in the style, 
Houttuynia resembles Anemopsis. 

Attention has been drawn earlier to 
some exceptional cases where the gynae- 
cium is either reduced to a biplacental 
condition or there are four placentae 
instead of the usual three. The biplacen- 
tal condition appears to indicate a sup- 
pression of the third carpel. Nozeran 
( 1955 ), however, described a bicarpellary 
ovary where the two placentae are median- 
ly placed. Apparently there must have 
been an adjustment between the two re- 
maining carpels. In all these a considera- 
tion of the vascular plan reveals that 
probably the tri-carpellary condition is 
typical for Houttuynia for it is in this con- 
dition that the two bundles entering the 
flower divide into three bundles each. 

Houttuynia agrees with other members 
of the family in having bitegmic ortho- 
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tropous ovules and a two-layered outer 
integument. However, the inner integu- 
ment is three-layered in Houttuynia and 
Saururus and four-layered in Anemop- 
sis. The earlier stages of integumentary 
development are similar to Anemopsis 
( Quibell, 1941). Houttuynia differs from 
other two genera in the absence of parietal 
cells for here the archesporial cell acts 
directly as the megaspore mother cell. 

Johnson ( 1905 ) and Shibata & Miyake 
(1908) have described the Normal type 
of embryo sac development in Houttuynia. 
My work confirms this. Variations in 
arrangement of the four megaspores from 
these are mainly caused by the plane of 
the septum separating the megaspores 
from one another. 


Summary 


The anatomy of the internode, node, 
leaf, inflorescence and flower, and the 
embryology of Houttuynia cordata have 
been described. Nodal anatomy revealed 
sympodial growth, presence of a single 
prophyll and 7 traces supplying a leaf ex- 
cluding the stipular. The nature of the 
stipule is discussed and it is concluded that 
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the leaf base is sheathing and the stipule 
is axillary. 

What has been described generally as 
an involucre is shown to consist of only the 
bracts of the lower-flowers, which have 
secondarily modified into petaloid struc- 
tures. The secondary pseudo-opposite 
condition described by Maekawa could not 
be supported from the anatomical evi- 
dence. The outermost and largest bract 
is considered as second and not first as was 
described by Maekawa. 

Adnation of stamen carpellary dorsals, 
arrangement and number of carpels, and 
some variations in the number of placentae 
are described. The tricarpellary condition 
is considered typical for Houttuynia. 

Bitegmic ovules, a Polygonum type of 
embryo sac and variations in the position of 
the degenerating megaspores are described. 

The author is greatly indebted to Pro- 
fessor V. Puri for his valuable suggestions 
and guidance, and to Professor P. Mahesh- 
wari for helpful suggestions, loan of litera- 
ture and providing some of the material. 
He is also very thankful to his colleague 
Dr M. L. Banerji for kindly collecting the 
material and to Dr V. P. Dube for help 
in the preparation of the diagrams. 
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THE ANATOMY OF THE SPOROPHYTE AND 
GAMETOPHYTE OF OPHIOGLOSSUM 
LUSITANICUM L. SSP. LUSITANICUM 


MALKA GEWIRTZ & A. FAHN 
Department of Botany, The Hebrew University, Jerusalem, Israel 


Introduction 


The family Ophioglossaceae contains 
the three genera Ophoglossum, Botry- 
chium and Helminthostachys. 

The genus Ophioglossum is divided into 
the following four sub-genera (Clausen, 
1938): Cheiroglossum, Ophioderma, Eu- 
ophioglossum and Rhizoglossum. 

Investigations into the various aspects 
of the family were carried out by a number 
of workers at the end of the past and early 
part of the present century. 

O. lusitanicum L. has so far been only 
fragmentarily investigated. The species 
is mentioned by Chrysler (1910) in his 
survey of the fertile spike in the Ophio- 
glossaceae. Also Bower (1911a) mentions 
having received the species from the Cape 
and having studied its inner endodermis. 

The lack of information on the anatom- 
ical structure and life cycle of Ophioglos- 
sum lusitanicum, which happens to be the 
only member of its family growing in our 
region, has led to the study whose results 
are presented in the following. 


Material and Methods 


The present investigation was carried 
out on Ophioglossum lusitanicum L. ssp. 
lusitanicum (= O. lusitanicum ssp. typi- 
cum according to Clausen, 1938 ). 

In Israel this species is found onthe red 
sand soils (chamra sand ) of the coastal 
plain. The investigated material was 
collected in an Eucalyptus wood in Hadera 
during the growing season, i.e. between 
November and end of March. The sporo- 
phytes were fixed in F.A.A., and serial 
transverse sections of material embedded 
in paraffin were made in the usual manner, 
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the thickness of the sections being 84. for 
leaves and 104 for other parts of the sporo- 
phyte. The sections were stained with 
safranin and fast-green, or triple stained 
with an addition of tannic acid by the 
Foster (1934) method. Other stem and 
leaf sections were made by hand and stain- 
ed with Sudan IV. Starch grains were 
investigated by staining sections with 
I,KI. The vascularization of the leaf was 
studied in material that had been boil- 
ed and mounted in lactic acid. Other 
leaves were cleared by being boiled 
in chloral hydrate for some minutes, and 
were then rinsed in water and mounted in 
glycerine. Tracheidal pitting was examin- 
ed in macerated material that had been 
boiled in 10 per cent NaOH, rinsed in 
water, soaked in 20 per cent chromic acid 
for 20 minutes and rinsed again before 
being put into glycerine. \ 
In order to detect prothalli, the soil 
surrounding the sporophytes was dug up 
to the depth of 15 cm and passed through 
a4 mm mesh sieve. The fraction remain- 
ing in the sieve was examined in water 
under a dissecting microscope. 


The Sporophyte 


The erect rhizomes of Ophioglossum 
lusitanicum ssp. lusitanicum send horizon- 
tal roots in various directions. Near the 
tips of these roots, buds are produced 
which develop into new plantlets ( Fig. 1 ). 
The many plants produced in this way 
form colonies which have an average size 
of 1x 1:5 m, with a maximum distance 
of 2-4 m between individual colonies. A 
small number of plants with leaves bear- 
ing fertile spikes are scattered through- 
out the colonies and also occur at their 
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margins. During the growing season these 
plants develop 2 vegetative leaves and 
subsequently 2 sporophylls. The major- 
ity of plants develop only 2 vegetative 
leaves in one season, and only some few 
develop 3 or 4 such leaves. 

Most of the colonies examined thrive in 
the shade of Eucalyptus trees, where they 
are developed to a higher degree and con- 
tain plants with larger spikes, as well as 
broader and larger leaves, than where they 
are exposed to full light. 

ANATOMY OF THE RHIZOME — Serial sec- 
tions prepared from 4 plants along the 
length of their rhizome revealed that a 
layer of brown cells surrounded all its 
parts. After staining with Sudan IV the 
walls of the empty cells of this layer be- 
came yellow-brown. Various transitional 
stages from living cells with colourless 
walls on the inside of the cortex to dead 
cells with brown walls on its outside were 
observed. The outermost cells surround- 
ing the rhizome were tangentially com- 
pressed. The living cells of the cortex are 
parenchymatous and contain starch grains. 
The intercellular spaces between them are 
stained red with Sudan IV and apparently 
contain a fatty substance. 

Sections of the lower part of the erect 
rhizome showed the endodermis enclosing 
the stele. The endodermal ring remained 
complete up to where the first vascular 
bundle enters a leaf. At this point the 
endodermis bulged inward and continues 
hereafter as an inner endodermis which 
is less evident. Bower (1911a) quotes 
Poirault who observed an inner endodermis 
in Ophioglossum bergianum Schlechtendal. 
In his paper on Botrychium virginianum 
(L.) Swartz, Baas-Becking (1921) states 
that in the sporophyte of that plant the 
endodermis develops partly as a layer of 
cells with Casparian strips and partly as 
a layer of starch cells. 

In a number of plants of the species 
investigated by us an endodermis consist- 
ing of starchless cells, somewhat elongated 
tangentially, and exhibiting Casparian 
strips could be seen outside the individual 
meristeles. Outside this endodermis a 
‘zone of parenchyma cells smaller than the 
other cortical cells and densely filled with 
small starch grains could be seen. In 
other plants investigated no starchless 
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endodermis was seen, but in its place was a 
layer of cells with starch grains smaller 
than those in cortex and also differing 
from the cortical parenchyma in being 
tangentially elongated. Casparian strips 
were observed in this layer. 

The phloem consists of one layer of cells. 
Between it and the xylem a number of 
layers of small parenchyma cells can be 
distinguished. In longitudinal sections 
these cells appear to be elongated. 

The tracheary elements are tracheids 
with spiral or reticulate thickening; in 
some of the tracheids disc-like bordered 
pits appear on these thickenings. These 
observations are in accordance with those 
of Bliss (1939) with regard to other 
species of the family. The protoxylem is 
endarch. 

In O. lusitanicum the portion of the 
stele beneath the first foliar trace is a 
protostele of the haplostele type ( Figs. 
2, 3). The length of this portion of the 
stele, as measured in one of the plants, is 
0-73 mm. Similar observations were record- 
ed by Van Tieghem (1890) in Ophioglossum 


Fics. 1-2 — Ophioglossum lusitanicum L. ssp. 


lusitanicum. (L, leaf trace; À, root bundle ). 
Fig. 1. Sporophyte in general view, showing an 
adult plant with leaves bearing fertile spikes 
and a root with two adventitious buds, from one 
of which a leaf and a new root have already deve- 
loped. Fig. 2. Reconstruction of the lower part 
of the stele of an old rhizome, which developed 
presumably from a gametophyte. The short 
basal part is a protostele, whereas the rest a 
dictyostele, 
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vulgatum L. and Botrychium lunaria (L.) 
Swartz. Above this zone isolated paren- ey 7 
chyma cells begin to appear until, at a Na A 


certain height, the pith is composed of 
parenchyma cells only (Fig. 4). This 
latter pith structure can be followed 
through a short segment up to the first 
gap. At the point where the first vascular 
bundle diverges into the leaf, the paren- 
chyma of the pith becomes joined with 
that of the cortex. At this point the endo- 
dermis invaginates and continues as an 
inner endodermis which can only be dis- 
tinguished with difficulties. 

Bower (1911b) suggested that in the 
Ophioglossaceae the pith is partly intra- 
and partly extra-xylar in origin. However 
in the light of modern views on the diffe- 
rentiation of the stem, Bower’s interpreta- 
tion requires further investigation. 

Van Tieghem (1890) found that the 
stele beneath the first leaf trace in Ophio- 
glossum vulgatum L. and O. reticulatum L. 
is pithless. Petry ( 1914) made the same 
observation in the steles of O. pendulum L. 
and O. palmatum L. Bower (1911a), who 
studied medullation in young plants of 
Ophioglossum spp., found a pith present 
throughout the rhizomes of adventitious 
origin, 1.e. also beneath the first leaf trace, 
while some of the non-adventitious shoots 
of the same species were protostelar in 
their lowermost zone. He states that 
presence or absence of a pith may be con- 
trolled by nutritional factors. 

In four of the rhizomes investigated by 
us, which had presumably originated from 
prothalli and not adventitiously, a proto- 
stele was found to be present up to the 
first foliar trace. In all other rhizomes, 
as well as in young adventitious buds, a 
dictyostele was present from the very 
base. The cells of the pith, like those of 
the cortex, are filled with starch. 


— 


Fics. 3-5 — Cross-sections at various levels 
of the stele of a rhizome which developed pre- 
sumably from a gametophyte. Fig. 3. Same 
at the base. x 325. Fig. 4. At a somewhat 
higher level, showing five parenchyma cells in 
the center of the xylem. x 325. Fig. 5. One 
meristele, showing its dorsal connection with the 
vascular strand of a root. x 360. 


Fics, 3-5, 
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Figure 2 shows the lower part of the 
rhizome stele. The lowest of the three 
complete gaps represented is fairly long, 
while subsequent ones become shorter in 
acropetal succession. Leaf traces emerge 
either from the stele at the base of the gap 
or/and laterally from the meristeles flank- 
ing it. The vascular strands of the roots 
branch off from the dorsal side of the 
meristeles ( Fig. 5 ). 

According to most investigators there is 
no secondary thickening in the genus 
Ophioglossum, nor in Helminthostachys. 
Botrychium is the only genus in the Ophio- 
glossaceae in which it is reported. The 
lengthened parenchyma cells which are 
present between phloem and xylem in 
Ophioglossum are not active in the forma- 
tion of secondary tissues. 

Boodle (1899) maintains that second- 
ary thickening does develop in Ophioglos- 
sum vulgatum. He states that one some- 
times finds developing secondary tracheids 
at the periphery of the root xylem. As 
the roots examined by him were several 
years old, Boodle regarded these tracheids 
as secondary. He also observed a similar 
additional development of tracheids in the 
stem. 

In our investigations of this problem in 
O. lusitanicum, we examined many cross 
sections of various organs of different ages, 
but found no case of secondary thickening. 
Possibly Boodle’s secondary tracheids 
were actually metaxylem tracheids dif- 
ferentiating at a late stage from remnants 
of the procambium; in our investigations 
we came across no such occurrence either. 

THE ANATOMICAL STRUCTURE OF THE 
Root — The roots of Ophioglossum lusi- 
tanicum spread horizontally or almost so 
in the soil, so that there is a dorsal and a 
ventral side of the root. The root is 
yellow-brown, as is the rhizome. Here, 
too, the same surface layer of the dead 
empty cells with yellow-brown walls can 
be distinguished. As in the cortex of the 
rhizome, different transitions can be 
observed between these cells and the living 
colourless ones. In this transitional zone 
isolated cells occur already devoid of starch 
grains and others near them with a meagre 
content of starch. Further inwards from 
these layers, large parenchyma cells rich 
in starch grains, can be seen. Within 
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approximately the central region of the 
parenchyma a ring-shaped zone of cells, 
containing the endophytic fungus, is seen. 
The cells forming this ring stand out from 
the neighbouring ones by being larger and 
devoid of starch grains. Their nucleus is 
particularly large. Irregularly shaped, 
strongly staining bodies can be observed 
within these cells; they are the vesicles 
formed by the fungus. 

An endodermis composed of medium- 
sized cells can be seen delimiting the inside 
of the cortex. The Casparian strips are 
clearly distinguishable. The endodermis 
completely encloses the vascular tissue. 
The xylem strand occupies the dorsal part, 
that of the phloem the ventral part of the 
root. The phloem is generally composed: 
of two cell layers. The protoxylem is 
peripheral in location and overarches the 
metaxylem which adjoins the phloem. 
The root is monarch, a feature which, 
according to Prantl ( 1884), is character- 
istic of the sub-genus Euophioglossum, 
with the exception of certain species that 
have diarch or triarch roots. 

Roots emerging from the rhizome elon- 
gate and develop adventitious buds at a 
short distance from their tips. The for- 
mation of such adventitious buds appears 
to be promoted by the horizontal orienta- 
tion of roots ( Fig. 1 ). 

The root has a single apical cell ( Fig.9 ). 
The adventitious bud develops endo- 
genously near the root apex. The bud 
begins to swell in the early stages of 
development and becomes rounded and 
corm-like in shape. Outwardly, these 
corms remain undifferentiated until they 
have increased in size, when leaf primordia 
start to emerge. Sections of very young 
adventitious buds show an undifferen- 
tiated mass of parenchyma, but with the 
formation of leaf primordia the acropeta- 
lous development of a vascular system, 
continuous with the vascular strand of 
the root, can be traced. The bud’s 
stele has a pith from the beginning of its 
formation. 

LEAF STRUCTURE — From an examina- 
tion of large numbers of plants it became 
evident that the majority of sporophytes 
in the colony have two sterile leaves. 
Occasionally one comes-across plants with 
3-4 sterile leaves, while very few plants 
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were found to bear leaves with fertile 
segments. 

The average length of a leaf is 7:75 cm, 
the average width at its broadest part 
0-73 cm. The sterile segment is almost 
linear in shape. Stomata are scattered 
irregularly on both the abaxial and ad- 
axial leaf surfaces. On the former the 
average number of stomata per sq. mm is 
16-3, on the latter 10. 

In Fig. 2 a stele is traced up to some 
distance above the fourth leaf gap. 
Observations made on the lowermost 3 
gaps showed 8 leaf strands and 4 root 
strands diverging from the stele. 

The single vascular trace which passes 
from the stele into the leaf continues a 
short way as a single strand. With the 
increasing width of the leaf the bundle is 
seen to split up gradually and in the broad- 
est part of the leaf there are as many as 
7-10 strands. In the broad part of the 
blade there are cross connections between 
the vascular bundles. Near the tip of the 
leaf the bundles become united. Leaf 
development is at first from a single apical 
cell ( Fig. 8), but its later growth is inter- 
calary, beginning at the leaf base and con- 
tinuing in an upward direction ( Petry, 
1914). 

In Botrychium, Helminthostachys and 
Euophioglossum a single trace diverges 
from the stele to enter a leaf. But in 
Ophioglossum simplex Ridley and O. palma- 
tum L. of the sub-genus Ophioderma two 
traces enter each leaf from the edges of the 
stelar flanks of a single leaf gap and, 
according to Petry ( 1914), the number of 
traces entering the leaf in O. pendulum may 
be from 3 to 12 ( generally 5 ). 

In a cross section of the leaf ( Fig. 10 ) 
of the specimens investigated by us, 
stained with Sudan IV, one can distin- 
guish a thick cuticle covering the epidermis. 
The outer walls of the epidermal cells are 
somewhat convex, their inner tangential 
walls are drawn out into short papillae, on 
the inside of which there are layers of 
chloroplasts. The stomata appear slight- 
ly sunken when open, but are level with 
the epidermal cells when closed. Large 
substomatal cavities are also seen. The 
several-layered mesophyll consists solely 
of assimilating spongy tissue. The xylem 
is adaxial, the phloem abaxial, In cross 
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sections of young leaves the bundles are 
arranged in a semicircle. 

THE FERTILE SPIKE — Only a small 
number of plants were found bearing fer- 
tile spikes. These emerge from the upper 
leaf surface at a point about 1/3 of its 
length from the base. Mature sporangia 
are yellow and make the whole spike 
appear yellow in colour. 

Chrysler ( 1910 ) following Prantl ( 1883) 
describes the venation of the leaf with the 
fertile segment of O. lusitanicum as follows: 
The vascular bundle entering the sporo- 
phyll divides at an early stage into one 
central and two lateral strands. In a 
cross section these three strands appear 
arranged in a triangular fashion. Each 
lateral strand subdivides further into two 
sub-strands, the inner one of each pair of 
sub-strands rejoins and enters the spike 
together. This pattern was found by us 
only in part of the leaves examined, which 
bear fertile spikes. In others the vascular 
bundles of the petiole continue to divide 
in a similar way to that described for the 
narrow part of the spikeless leaf and at the 
distal end of the petiole 5 vascular bundles 
enter into the blade and 3 into the spike. 
The latter condition does not confirm 
Chrysler’s (1910) view about the dif- 
ferences in petiolar vascularization be- 
tween O. lusitanicum and O. vulgatum. 
According to Chrysler the number of the 
branches of the vascular bundles in the 
petiole of O. vulgatum before entering the 
blade and spike is about 10, whereas in 
O. lusitanicum it is 5. 

THE APICAL MERISTEM — According to 
Bower ( 1889-90, 1890, 1959) and Petry 
(1914) apical growth in the rhizome of 
Ophioglossum is from one apical cell. 
Wardlaw (1945) states that the Lepto- 
sporangiatae and Eusporangiatae differ in 
the number of apical initials, the former 
having a single initial and the latter a 
group of initials. Bruchmann (1904) 
describes the development of the different 
parts of the germinating sporophyte of 
Ophioglossum vulgatum. According to his 
description a furrow which opens to the 
outside is present at the tip of the germi- 
nating sporophyte. Rhizome and leaf 
initials are formed on this furrow, the 
apical initials of the rhizome at its inner 
end, the apical leaf cell at some distance 
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- from the latter. The area above the leaf 


- Iron central cylinder differentiates into the 
initial develops into the leaf sheath. 


apical root cell. 


ss die HET 


Bruchmann points out that these sheaths 
which enclose the young leaves are of 
different appearance in different species of 
- the family; hence the diverging interpre- 
_ tations given to them by different workers. 
The protective leaf sheath develops before 
the leaf itself begins its development. 
The developing leaf emerges and assumes 
a green colour. Root development is 
endogenous as described also by Bruch- 
mann; a parenchyma cell adjacent to the 


‘Fries. 6-9 — Apices of the various organs of the sporophyte. 
(a, apical cells of the rhizome; b, a young leaf primordium; €, 


- of the apical part of a rhizome. 


In our sections single apical cell initials 
shaped like an inverted pyramid could be 
distinguished in both leaves and roots 
( Figs. 8, 9). Divisions of the apical root 
cell resulted in the characteristic root cap. 
In the rhizome, however, a group of apical 
initials were seen and above them a furrow 
connected with the leaf initial in its young- 
est stage. This furrow was also seen 


above leaves at later stages of their deve- 
lopment, but a connection between that 


Fig. 6. Longitudinal section 


pase of a young leaf which already extrudes above the surface of the rhizome ). x 105. Fig. 7. 
Enlargement of the group of apical cells of the rhizome shown in Fig. 6..x 310. Fig. 8. Longi- 
tudinal section of the apical part of a young leaf primordium, showing the tetrahedral apical cell. 
x 500. Fig. 9. Longitudinal section of a root tip, showing the apical tetrahedral cell, x 105. 
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furrow and the one above the apical rhi- 
zome initials could no longer be distin- 
guished ( Figs. 6, 7). In the rhizome of 
O. lusitanicum we could not trace a con- 
tinuation of the apical furrow to the out- 
side, in the way described by Bruchmann 
in O. vulgatum. 


The Gametophyte 


To the best of our knowledge the game- 
tophyte of Ophioglossum lusitanicum has 
not been observed prior to the present 
study. Clausen, in his monograph on the 
Ophioglossaceae (1938, p. 159), states 
that the gametophyte of O. lusitanicum is 
unknown. The first gametophyte to be 
described in the family was that of Botry- 
chium lunaria (L.) Sw. by Irmisch & 
Hofmeister in 1854 ( Bruchmann, 1906 ). 
The description was supplemented by 
Campbell in 1922, who also investigated 
the gametophyte of Botrychium obliquum, 
Muehl. (Campbell, 1921). In 1897 Jef- 
frey gave a precise description of the 
gametophyte of B. virginianum ( Jeffrey, 
1896-97 ). 

Bruchmann (1904) studied gameto- 
phytes of Ophioglossum vulgatum, dis- 
covered by chance. He found sporo- 
phytes of the species on sandy soil under 
favourable growing conditions and pro- 
tected from wind, so that it was to be 
expected that spores would fall and de- 
velop near adult plants. Bruchmann 
searched the soil and found gametophytes 
at a depth of 2-10 cm in small numbers 
and apart from each other. Nearly no 
prothalli were found near young sporo- 
phytes as might have been expected, the 
reason being that these had mostly deve- 
loped adventitiously from older sporo- 
phytes. 

Our search for prothalli (see Material 
and Methods), carried out in March- 
April 1957 and November-March 1957-58, 
resulted in our finding only a single 
specimen. 

MORPHOLOGY OF THE GAMETOPHYTE — 
When fully developed, the subterranean 
prothallus is cylindrical in shape with a 
round upper- and a pointed lower-end, 
resembling a minute carrot. It is yellow- 
brown in colour, the pigment, according to 
Bruchmann, serving to protect the pro- 
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Fic. 10—Cross-section of a leaf. 


thallus against attacks by soil fungi and 
bacteria and preventing its being eaten by 
animals. Owing to its shape and colour 
the prothallus is easily mistaken for a root 
fragment of the same species. It is about 
3 mm long and 1 mm in diameter, and 
lacks rhizoids. The upper rounded end 
contains the endophytic fungus. The 
prothallus is monoecious. Our specimen 
bore one archegonium and three antheri- 
dia. These were scattered on the lower 
part of the prothallus only and none could 
be distinguished on its upper part. Under 
low magnification the sex organs appear 
as brown dots, a feature to which Bruch- : 
mann ( 1904) draws attention as a useful 
distinguishing mark between gameto- 
phytes and root fragments adhering to the 
sporophyte. 

It is difficult to determine the age of a 
gametophyte. Campbell ( 1895 ) obtained 
after a germination period of a year and 
a half a prothallus of O. pendulum, still 
enclosed within the spore and consisting 
of only three cells. Bruchmann ( 1904) 
grew prothalli under a bell jar in pots con- 
taining soil from the original site for 8 
months. In spite of favourable conditions 
growth was extremely slow and averaged 
about 2 mm during the whole period. 
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Fics. 11-13 — The gametophyte. 


transversely. 
can be seen. x 50. 
tudinal section of an antheridium. x 370. 


Trials by Bruchmann ( 1904 ) and others 
showed that prothalli cannot be grown 
from spores on culture media, the develop- 
ment of the gametophyte being dependent 
on the fungus which enters into symbiosis 
with it, when it is 3 or 4 cells in size. Our 
failure to germinate spores on various 
culture media is to be ascribed to the same 
reason. However, this effort will be con- 
tinued, with the full expectation that it 
will be successful in view of Freeberg and 
Wetmore’s findings with the natural fun- 
gus infected gametophytes of Lycopodium 
( Freeberg & Wetmore, 1957 ), and Knud- 
son’s successful studies with orchids with 
their well-known mycorrhizal relations. 

ANATOMY OF THE PROTHALLUS — The 
anatomical structure of the prothallus is 
best understood from a longitudinal sec- 


Fig. 11. Longitudinal section of the gametophyte. 


The endophytic fungus is seen as dark dots. 
Fig. 12. Longitudinal section of an archegonium. x 350. Fig. 13. Longi- 
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Be- 
cause of the bent structure of the latter the section consists of two parts, the upper part being cut 


On the lower part the sexual organs 


tion (Fig. 11). The gametophyte is 
composed of large parenchyma cells with 
few or no intercellular spaces. The 
outermost layer contains a yellow-brown 
pigment similar to that of the pigmented 
layer enclosing the various parts of the 
sporophyte. The endophytic fungus can 
be seen in the upper part of the prothallus, 
concentrated in its inner tissues, where it 
fills all the cells. It appears in shapeless 
masses, just as described by Bruchmann 
(1904) in O. vulgatum and by Lang (1902) 
inO. pendulum. It is absent from the lower, 
younger part of the prothallus. The nuclei 
of cells containing the fungus are some- 
what larger than those of ordinary cells. 

The prothallic cells which are free of 
fungi are very rich in starch grains. Such 
cells are present near the sex organs, 


x 


6 
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Antheridia (Fig. 13) and archegonia 
occupy the young part of the prothallus. 
A mature antheridium observed by us 
was slightly open and a number of 
spermatozoids could be seen near its open- 
ing. The spermatozoid is spiral shaped, 
twisted around itself 24 times. The 
antheridium is partly embedded, partly 
protruding from the prothallus. The 
antheridial wall is one cell thick in its 
protruding part whereas in the basal 
part it is 2 cells thick. 

As far as details could be made out in 
the sole archegonium seen by us (Fig. 12), 
the neck, which was open, is 5 cells long. 
In the ventral cavity we found a big cell 
with a large nucleus, apparently the 
fertilized egg cell. 


Summary 


The sporophyte and gametophyte of 
Ophioglossum lusitanicum ssp. lusitanicum 
have been investigated from the anatom- 
ical point of view. The rhizomes of sporo- 
phytes that had presumably developed 
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from gametophytes were protostelar at 
their base, while they were found to pos- 
sess a dictyostele in their main upper part. 
In rhizomes which had developed adventi- 
tiously on the other hand, a dictyostele was 
found to be present from the very base. 

No signs of secondary thickening were 
found either in the rhizomes or the mon- 
arch roots. 

Apical growth in the rhizome was seen 
to proceed from a group of initial cells, 
whereas there was a single pyramidal api- 
cal cell in both root and leaf primordia. 

The gametophyte of Ophioglossum 
lusitanicum ssp. lusitanicum was seen 
and is here described for the first time. 
Resembling a minute carrot it is about 
3 mm long and contains the endophytic 
fungus in its upper part. In the single 
specimen found there were 3 antheridia 
and only one archegonium scattered on 
the lower tapering part of the prothallus. 

We are indebted to Prof. Ralph H. 
Wetmore for his kindness in reading the 
manuscript and in offering helpful sugges- 
tions. 
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THE SCHIZAEACEAE: 
THE GAMETOPHYTE OF MOHRIA 


LENETTE R. ATKINSON 
Amherst College, Amherst, Mass., U.S.A. 


The family Schizaeaceae is considered 
by most authors to be a natural family and 
no doubtful members have been assigned 
to it. Copeland (1947) states that its 
members are so distinct that all have given 
names to orders or suborders. A study of 
the gametophyte of these genera was 
undertaken to determine whether similari- 
ties exist which might tie them closer to- 
gether than the characteristics of the 
sporophyte. The results supplement 
earlier work on the subject. Mohria was 
studied by Bauke (1878) who did not 
examine the late stages of growth. 

Three lots of spores were sown of Mohria 
caffrorum (L.) Desv. from Cape Town, 
South Africa, collected in 1950, 1951 and 
1958. For the first two I am indebted to 
Dr R. H. Compton, then Director of the 
Botanic Gardens at Kirstenbosch, who 
sent me the spores. For the last I express 
my gratitude to Dr H. B. Rycroft, present 
Director of the Botanic Gardens, and to 
Dr E. A. C. L. E. Schelpe, Botanist at the 
Bolus Herbarium, University of Cape 
Town, who took me to stands of this plant. 
I collected it as well on the Cape Town- 
Durban road between Port Elizabeth and 
Mossel Bay at a place known as The 
Wilderness. Dr Schelpe also generously 
gave me spores of M. lepigera Bak. ( Alls- 
ton & Schelpe, 1952) from his collections 
on Gorongosa Mountain, Mozambique, 


July 4, 1955, mounted specimen no. 5493. 
Cultures were planted on water, peat, 
crock over peat, sphagnum and for M. 
caffrorum also on agar. Those of the 
latter fern on peat and sphagnum lived a 
year and were then preserved, still in a 
healthy growing condition. 


Mohria caffrorum 


THALLUS — The spores of Mohria caf- 
frorum are large averaging 76 u in diameter 
but varying in size from 62 u to 85-8 u, the 
most numerous sizes falling into two 
groups, those with a diameter of 80-82 u 
and 70 u. Spores from both the 1952 
and the 1958 lots are still viable, eight 
and two years after collection, with 
about 50 per cent germination. As ger- 
mination in 1952 was only fair, indi- 
cating the presence at that time of non- 
viable spores, the figure of 50 per cent 
may be too high in representing loss of 
viability with age. 

The spores are tetrahedral, orange- 
colored in mass, though less deeply colored 
singly, and decorated with broad, flat, 
double ridges more or less parallel around 
the spore which overlap or join at points 
near the outer extreme of the tripartite 
ridges ( Fig. la, b). 

At germination, about 4-5 days after 
sowing, a papilla, which becomes green, 
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protrudes from a crack in the tripartite 
ridge (Fig. 2). The first division, paral- 
lel to the ridge, separates the papilla from 
a mass of food reserves as in Lygodium 
(Rogers, 1923). Then the outer cell 
divides by a wall at right angles to the 
first, into a larger green prothallial cell and 
a smaller, nearly colorless one, the first 
rhizoid (Fig. 3a, b). The prothallial cell 
continues to grow and divide by transverse 
walls ( Fig. 4) producing a filament usual- 
ly 5-6 cells long (Fig. 5). Intercalary 
growth under some presumably less favor- 
able conditions of culture may produce a 
much longer filament ( Fig. 11). Branch- 
ed filaments are not uncommon ( Fig. 
10). Longitudinal divisions are soon 
evident in cells behind the tip ( Fig. 6) 
and these continue both in an anterior and 
a posterior direction forming a plate two 
cells wide which often involves divisions 
in all but the basal cell of the filament 
(Fig. 7). The terminal cell may be 
divided by a perpendicular ( Figs. 7, 9) 
or oblique (Figs. 8, 12a) wall. Anti- 
clinal and periclinal divisions in the cells 
of the plate contribute to its growth in 
width (Figs. 13-18) while the terminal 
cell may continue to divide by a perpendi- 
cular ( Fig. 13 ) or oblique wall ( Figs. 14, 
17). That this is not an apical cell with 
2 or 3 cutting faces is clear because it is 
soon divided by a periclinal wall as in mar- 
ginal growth ( Fig. 15). A wedge-shap- 
ed cell is often seen in each of the two 
products of the terminal cell following 
a perpendicular division (Fig. 13, arrows ) ; 
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each is again divided by periclinal and 
anticlinal walls and contributes as in mar- 
ginal growth to the increasing width of the 
plate with its more extensive margin ( Fig. 
21). It is still possible to see in plates 4 
cells wide that the terminal cell in some 
has been divided by vertical walls ( Fig. 
16 ), in others by an oblique wall ( Fig. 17 ) 
and that in still others the sequence is not 
clear ( Fig. 18). Under some conditions 
of growth the spatulate plate may increase 
in thickness as well as in width and length 
( Figs. 16-18) and even the most basal 
cell may divide ( Fig. 17) but growth at 
this stage does not seem to continue long 
in 3 dimensions ( Figs. 19-21 ). 

When gametophytes on agar are about 
3 weeks old, there is an accumulation of 
very dense cytoplasm followed by repeat- 
ed anticlinal divisions in the lateral cells 
of young plates and on one side only ( Fig. 
21). This stage is reached later in water 
and on sphagnum ( Fig. 19). The posi- 
tion of the localized dividing area in rela- 
tion to the rest of the expanding but less 
rapidly growing gametophyte determines 
the shape of the early plate. If the two 
regions grow at the same rate, a symmetri- 
cal spatulate plate results (Fig. 22). 
Less regular plates are formed when the 
larger, more mature cells are in the most 
anterior position ( Fig. 23 ) or are posterior 
to the meristem ( Fig. 24). The margin 
of the plate may be variously lobed ( Figs. 
25-27) or may be regularly fan-shaped 
( Figs. 28, 31a). Usually all these varia- 
tions in form are encountered in the same 


Fics. 1-21 — Mohria caffrorum. Germination and young plate. 
spore, top view; b, detail of ridge on spore coat. 


Fig. 3a, b. First two divisions of spore. 
Two-celled filament, agar, 14 days. 
divisions of cells of filament, water, 14 days. 


4 days. 


a, lateral view; b, from above, water, 9 days. 
Fig. 5. 4-celled filament, water, 11 days. 


Fig. 10. Branched filament, water, 11 days. 


Fig. 1a, b. a, tetrahedral 
Fig. 2. Germinating spore, water, 5 days. 
Fig. 4. 
Fig. 6. Longitudinal 


3 L Figs. 7, 8. Plates 2 cells wide, terminal cell divided 
by perpendicular or oblique wall, agar, 14 days. 


Fig. 9. Basal cell of filament divided, water, 
Fig. 11. Long filament, agar, 14 days. 


Fig. 12a-c. a, two-celled plate, divisions first perpendicular, then oblique (r = rhizoid initial ), 
water, 44 days. b, c, stages in growth of rhizoid. Figs. 13, 14, 15. Spatulate plates with’ two 
wedge-shaped terminal cells (arrows ), one wedge-shaped cell, periclinal division of wedge-shaped 


cell, respectively, agar, 21 days. 


Figs. 16-18. Spatulate plates, two cells thick, water, 6 months 


7 days, 15 days, 15 days respectively. Fig. 19. Beginning of lateral meristem, water, 6 months. 


Fig: 20. Lateral view of plate two cells thick, water, 15 days. 
meristem, arrows indicating products of two wedge-shaped cells, agar, 22 days. 


Fig. 1b. x 1000. Figs. 2-4, 13-15. x 180. Figs. 5-9, 11, 12b, c, 16-21. x 15. 


Fig. 12a. x 95, 


Fig. 21. Beginning of lateral 
Fig. 1a. x 320. 
Fig. 10. Xs 
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culture of Mohria. No one form seems 
to be more typical than any other and 
all may reach maturity given the neces- 
sary time and conditions for growth. 
Antheridia are often observed on the 
margin and surface, usually on the basal 
half, of these thalli as early as 6 weeks 
after sowing (Fig. 27). 

Further development is by division of 
the laterally placed row of meristematic 
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cells. A wedge-shaped apical cell with 
2-3 cutting faces was not observed al- 
though in the lateral notch of young thalli 
the cells sometimes look as if they had 
recently replaced an apical cell ( Figs. 29, 
31b). If there is an apical cell, it exists 
for a very short time. This confirms 


Bauke’s observations ( 1878 ) that when an 
apical cell was present, in no case had it 
divided more than 3 times. 


Fics. 22-29 — Mohria caffrorum. Form of young plates. Fig. 22. Crock in water, 6 weeks. 


Figs. 23, 24. Water, 11 weeks. 
27, 28. Antheridia, ventral surf 


Fig. 25. Crock in water, 6 weeks. Fi i 
: c > 3 g. 26. Agar, 6 weeks. Figs. 
ace, crock in water, 6 weeks, 15 weeks. ao 29. Detail, istered 


meristem and hair (4) crock in water, 15 weeks. Figs. 22-28. x 75, Fig. 29. x 180 
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Eventually a large wing is formed with 


the more rapidly dividing meristem in a ’ 


lateral position ( Fig. 30a) and this posi- 
tion is maintained throughout the life of 
the plant. Two circumstances contribute 
_to this: first, anticlinal divisions are more 
numerous than periclinal; secondly, no 
wing is formed from the proximal side of 
the meristem ( Fig. 30 ) but only hairs and 
sex organs, the antheridia first at 6 weeks 
and archegonia later at about 24 months 
(Fig. 33). 

Divisions in a third plane give rise to a 
cushion directly behind the meristem 
which is well developed at 24 months ( Fig. 
31a). The cushion thickens very rapidly 
so that the meristem lies in an indented 
hollow ( Fig. 31b ) which makes observa- 

‚tion difficult. The cells of the meristem 
at 104 months are long and narrow and 
deep. They are densely granular with 
very small chloroplasts and therefore, less 
green than the surrounding cells. The 
cells of the meristem are completely hid- 
den in most thalli by the lobes of the wing 
and by the bulge of the massive cushion 
(Figs. 37a, 38, 41). 

The gametophyte grows at first more or 

less parallel to the substratum but as the 
heavy cushion continues to develop, the 
thallus assumes an oblique position, sup- 
ported by long rhizoids ( Figs. 35, 37a) 
and eventually becomes upright ( Figs. 
38a, 43). Growth on the ventral surface 
in the region of the cushion is much greater 
than on the dorsal surface which brings 
close together the lateral meristem and 
the edge of the wing opposite and the 
thallus assumes the shape of a cornucopia 
(Figs. 33, 36), with the thick cushion 
bulging toward the ventral side (Fig. 36b). 
Antheridia are borne on the dorsal surface 
within the cornucopia as well as on the 
cushion and parts of the wing near it 
( Fig. 36 ). 

Sooner or later, because of the continued 
lateral position of the meristem and the 
strong development of the wing, either the 
wing must ruffle or the thallus must spiral 
or both. It is possible that both occur 
and this will be discussed below. : 

As the wing increases in size the margin 
becomes irregular. Some gametophytes 
develop a shallow sinus and appear like 
those of a cordate thallus with unequal 
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wings ( Fig. 34a). This is misleading for 
the meristem is not at the base of the sinus 
but in a lateral position at one edge of the 
cushion (Fig. 33,m). More often the wing 
is very deeply lobed, the sinuses nearly 
reaching the cushion ( Figs. 35, 37a) yet 
the margin can be followed as a continuous 
tissue. At 7 months archegonia and hairs 
are found in numbers on the cushion behind 
the lateral meristem (Figs. 33, 35). 
Antheridia appear in the posterior regions 
(tigt 35.). 

Although the lateral meristem becomes 
and remains hidden by the continued 
development of the voluminous wing, its 
position and products can be determined 
by making a longitudinal cut through the 
thallus and turning back the ventral por- 
tion ( Fig. 37d, e). Again it is seen that 
hairs and archegonia but no wing are form- 
ed on the proximal side of the meristem. 
The dorsal surface of the cushion is still 
very narrow compared with the ventral 
surface so that the lateral meristem and 
the edge of the wing opposite it are very 
close together (cf. Figs. 33 and 37e). The 
distance across the huge wing seen from 
above may be 7 mm and the ruffling is 
very striking ( Fig. 38b). The older basal 
parts of the wing turn brown (indicated 
by cross hatching in the drawings ) as the 
thallus grows upwards and in crowded 
cultures only a crown of lobes at the ante- 
rior end may be green. The marginal 
areas of all but the last formed lobes are 
irregular in outline; their walls are wavy 
( Fig. 39) and the margin toothed. The 
teeth are unusual in that they are formed 
by projecting tips of adjacent parts of two 
cells ( Fig. 39). The wing is one cell thick 
except close to the cushion where it is 2 
cells thick (Fig. 80). Thickenings, re- 
ported for Anemza ( Bauke, 1878 ), on the 
side walls and in the angles of the walls 
were not observed in my cultures except 
in one case where the corners of the cells 
at the center of transverse sections of the 
cushion hold the stain more deeply than 
the side walls. 

As growth continues, the massive 
cushion grows upward and appears as a 
column. Seen from above (Fig. 41b) 
its surface is rounded and dotted with 
hairs and the more or less curved necks 
of archegonia extending in all directions, 
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Fics. 30-35 — Mohria caffrorum. Thallus. Fig. 30a, b. a, thallus with antheridia, wood, 
9 weeks. x 75; b, detail, lateral meristem of a. x 180. Fig. 31a, b. a, thallus with antheridia 
on cushion, hairs, crock over peat, 10 weeks. x 11; b, detail lateral meristem of a. x 180. Fig. 
32. Spiralling thallus with antheridia, ventral surface, peat, 4 months. x 30. Fig. 33. Spiralling 
thallus with antheridia, dorsal surface, wood, 7 months. x 12. Fig. 34a-d. a, lobed thallus with 
hairs, ventral surface, wood, 9 weeks. x 12; b, hair at B. x 320; c, hair at A. x 320; d, hair, 
dorsal surface. x 320. Fig. 35. Lobed thallus with archegonia, wood, 7 months. x 17. (A, B, 
position of hairs; h, hair; m, lateral meristem; 0, open archegonium ). 
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The meristem is not visible from above but 
lies just below the rounded tip of the cush- 
ion. Since the ratio of growth of the 
products of the meristem to the develop- 
. ment of the meristem itself is constant, 
the axis of forward growth of the meristem 
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Fics. 36-38 — Mohria caffrorum. Thallus. 
peat, 4 months. 


a, seen from above; b, lateral view. x 30. 
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remains oblique to the longitudinal axis 
of the cushion: the cushion grows upright 
but the meristem remains lateral. In 
some thalli the large and many-lobed wing 
can be seen at one side of the cushion 
(Fig. 41a) and the entire, first-formed 


Fig. 36a, b. Cornucopia-shaped with antheridia, 


Fig. 37a-e. a, thallus with lobed 


i i ; i ir. x 180; c, two- 
1 to substratum, sphagnum, 7 months. x 17; b, rare marginal hair. x Ge 
Pod Dai 1:80:54; an of wing of a, removed to show meristem. x 17; e, detail 


ord. x 75. 


a, b. Upright thallus, posterior lobes of wing becoming brown, wood, 4 months. 


'b, seen from above. X 6. 


(A, B, lobes of wing; m, lateral meristem; h, hair; 0, open archegonium ). 


Fig. 38 
a, lateral view; 
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wing can be detected at its base (Figs. growing on sphagnum ( Fig. 42a). Small 
41a, 42a). Although the wing is usually flaps (f) of sterile tissue may also appear on 
continuously formed in mature healthy the cushion ( Fig. 41b ) and may even be 
gametophytes (Fig. 41a) and especially produced from the proximal edge of the 
in those growing singly, it often becomes lateral meristem ( Fig. 40a, b). These in 
discontinuous in cultures of old and more their isolated position may become wing- 
or less crowded thalli, especially in those like, aid in photosynthesis and serve to 


39 
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Fics. 39-41 — Mohria caffrorum. Thallus. 


, ; Fig. 39. Toothed margin of ol ings 

Si Ne By etre wing? ae anette De 10 months 21 Rok x era pe 
ie i bare: » upright cushion, sphagnum, 10 months 21 days. : 

cushion of a, seen from above. x 50, (GA flap of sterile tissue; h, hair; m, en ) 


’ 
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protect the meristem. Figure 42a re- 
presents a thallus of this type with the 
wing segments pulled aside. At the base 
above the spore coat may be seen the ori- 
ginal wing and the early cushion bearing 
antheridia on both surfaces. Above this 
a wingless area bearing innumerable arche- 
gonia is interrupted by two green wing- 
like outgrowths which are sufficiently long 
to surpass the meristem. In the upper 
part of this thallus the lateral meristem (m) 
is surrounded by a crown of green lobes of 
the now continuous wing. Thalli such as 
this grew for almost 11 months, from May 
1951 to March 1952, passing through a 
winter season when light is much diminish- 
ed in our hemisphere. The wingless areas 
may very well be analogous to the winter 
condition often found in cordate thalli 
where the cushion continues to develop 
but the wings are reduced in size or sup- 
pressed (Stokey & Atkinson, 1952a, 1956a). 
It may also be caused in crowded cultures 
by shading of the lower parts by the large 
anterior lobes of the wing. 

As the columnar cushion increases in 
height, archegonia and hairs continue to 
be formed in great numbers but rhizoids 
are sparingly produced (Figs. 41, 43). 
Although antheridia when present are 
mostly confined to the posterior regions of 
the thalli ( Figs. 42a, 43 ), a careful search 

will often reveal a few antheridia hidden 
on the lobes of the wing ( Fig. 80 ). 

The columnar cushion gives the impres- 
sion of a more or less radial axis which has 
been shown to have arisen from a pros- 
trate cushion, and the constrictions and 
bulges along its length create the impres- 
sion of spiralling ( Figs. 41a, 43). Serial 
cross sections of the gametophyte, made 
somewhat obliquely to the longitudinal 
axis of the cushion in order to pass through 
the meristem, make it clear that the cush- 
ion of Mohria, although it assumes an 

‘upright position, continues to have two 
functionally different surfaces. Figure 
44 a-g represents seven sections across an 
11 months old thallus. These seven sec- 
tions, beginning with (a) which passes 
through the meristem, are selected at 
intervals of a little less than a millimeter 
and represent levels comparable to those 
indicated in Fig. 43 for a similar game- 
tophyte. Each section shows archegonia 
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and rhizoids along part of its outer bound- 
ary and sterile tissue including lobes of the 
wing along the remainder of it. These 
cross sections are not unlike those of other 
fern gametophytes (Stokey & Atkinson, 
1952b, 1954, 1956a ) which grow in a more 
or less prostrate position producing arche- 
gonia on their ventral surfaces. 

Figure 44a-g also illustrates spiralling 
of the columnar cushion. In section (a) 
the archegonia are uppermost, in sections 
(b)-(d) they have shifted to the left, in (e) 
they are at the bottom and in (f) and (g) 
they are again in approximately the posi- 
tion of‘ (a). This thallus has made one 
complete turn in 11 months. Spiralling 
occurs in some thalli beginning at about 
4 months on peat cultures ( Fig. 32) and 
the turning may be either clock- or coun- 
ter-clockwise ( Figs. 33, 35). In other 
thalli there is no evidence of a spiral as 
shown in Fig. 45 in which archegonia in 
section (a) are in the same relative position 
as those in sections (b)-(d). 

The columnar cushion may branch in 
old thalli ( Fig. 47 ) resulting in two active 
meristems, each hidden by voluminous 
lobes of the wing. 

Ameristic thalli are usually found grow- 
ing among the rhizoids of older thalli. 

The first rhizoids often contain chloro- 
plasts but these soon disappear. Many 
of the numerous early rhizoids are margi- 
nal ( Figs: 22, 23, 26, 28) and arise from 
an initial cut obliquely from the posterior 
wall of the mother cell ( Figs. 12a-c, 26). 
The early rhizoids are colorless but begin 
to show color as early as 14 days after 
sowing. The older rhizoids are tan, long 
and rather stiff. As the thallus begins to 
assume an erect position abundant rhi- 
zoids stand out in all directions at its base 
and appear to brace the thallus in position 
(Figs. 35, 38a). Rhizoids continue to 
be produced along the columnar cushion 
although most of them certainly never 
reach the substratum ( Fig. 43 ) and in my 
cultures were usually not sufficiently 
numerous to hide the hairs and archegonia. 

Regeneration is apparently not common. 
It would seem superfluous in a thallus 
which can continue to grow at the apex 
while dying off behind. Only one instance 
was observed ( Fig. 48 ) and it occurred in 
rather an odd way. The tip of one of the 


360 


Fics. 42-46 — Mohria caffrorum. Old thallus, young sporophyte. : 
cushion, wings pulled aside, sphagnum, 10 months 21 days. x 8; b, detail anterior end of cushion | 
of a. x 42. Fig. 43. Upright thallus, sphagnum, 10 months 21 days (arrows at levels corre- 


sponding to sections in Fig. 44). x 8. 


sporophyte, peat. x 3. 


lobes of the wing, long enough to touch 
the substratum, produced a small thick 
cushion with a wing-like lobe of its own. 
On its cushion are rhizoids and sex organs. 
Hairs are produced on the margin of its 
wing and on both surfaces ( Fig. 48a, b ). 
In many ferns regeneration occurs as the 
cells of the gametophyte begin to lose 
their vigor. This does not seem to be the 
case in Mohria. The parent thallus showed 
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Fig. 42a, b. a, columnar 


Fig. 44a-g. T.s. of thallus showing spiralling of cushion. 
x 12. Fig. 45a-d. T.s. showing absence of spiralling of cushion. 
(m, lateral meristem ). 


x 12. Fig. 46. Thallus with 


no signs of being depauperate or necro- 
tic; an active meristem and young and 
maturing archegonia on a spiralling cush- 
ion were revealed by cutting away six lobes 
of the wing. Regeneration from healthy 
green tissue was also observed in Plagio- 
gyria semicordata (Stokey & Atkinson, 
1956b ). 

The thallus of Mohria bears small 1-3 
celled hairs usually on the surfaces. They 
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Fics. 
10 months 21 days. x 8. 
x 8. (h, hair; m, lateral meristem ). 


appear first ( Figs. 29, 30 ) when the wing 
is well formed and often among the anther- 
idia, spreading to the wing (Fig. 31). 
The 2-celled hair is frequently found on the 
proximal side of the meristem ( Figs. 30b, 
31, 37e) as one of the immediate products 
of that tissue and in that position must be 
considered marginal. Hairs are found on 
the cushion among the archegonia ( Fig. 
35 ), increasing in number as the cushion 
thickens and grows erect ( Figs. 40, 41b, 
42b, 47). They may appear on both sur- 
faces of the wings of the first-formed lobe 
( Fig. 34) and in old thalli usually on the 
surfaces of the newest-formed lobe ( Figs. 
40b, 41). They were observed on the 


margins of the wing in my cultures only , 


three times and in each case on young 
tissue: on a flap of sterile tissue in a 104 
months old thallus (Fig. 41b), on the 
newest lobe at one side of a branching 
thallus ( Fig. 47) and on a regenerated 
lobe of the wing ( Fig. 48). Most of the 
hairs in the older thalli are to be found on 
the surface of the cushion. 

On young thalli, 2-celled hairs are 
common, This is the type previously 


47-48 — Mohria caffrorum. Old thallus. 
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Fig. 47. Branched cushion, sphagnum, 


Fig. 48a, b. a, regeneration; b, reverse side of regenerated wing. 


described for the Schizaeaceae ( Bauke, 
1878; Rogers, 1923; Stokey, 1951, 1960 ). 
The outermost colorless cell, at least twice 
as long as the basal cell, lies parallel with 
the surface of the thallus ( Fig. 37b, c) 
and although its contents are granular at 
first, no visible substance is secreted and 
the contents may disappear. The basal 
cell contains chloroplasts which are smaller 
and usually fewer in number than those in 
other cells of the thallus. On the surfaces 
of thalli 2 months old ( and older ), color- 
less one-celled hairs are frequently found 
(Fig. 34b). These appear to arise as 
papillate projections from the surface, 
growing, as described also by Bauke 
(1878), parallel to the longitudinal axis 
of the surface cell. They resemble the 
outer cell of the 2-celled hair but are less 
curved and stand away from the surface. 
They grow together with the 2-celled hairs 
(Fig. 37c ) and their function is equally 
obscure. On a two months old thallus 
one of two hairs arising from anterior por- 
tions of surface cells is one-celled ( Fig. 
34d). The other ( Fig. 34c) arises from 
a small cell with a curved wall joining the 
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anterior wall of the surface cell. In it the 
chloroplasts are beginning to degenerate, 
suggesting that this is the basal cell of a 
2-celled hair. The anterior position of 
origin suggests hairs in Gleichenia ( Stokey, 
1950 ), in Loxsoma and Loxsomopsis ( Sto- 
key & Atkinson, 1956c ). Sections through 
the meristem in Mohria indicate their 
similarity. Near the meristem, preferably 
on archegoniate thalli, since the antheri- 
dial initial may also have an oblique basal 
wall (Fig. 59), there may infrequently be 
found a cell cut obliquely from the anter- 
ior face of a surface cell (Figs. 81, 82). 
Figures 83 and 84 can be interpreted as 
later stages in development of such a hair 
initial and Fig. 34c as a surface view of 
the mature hair. 

The above discoveries led to a more 
extensive search for types of hairs and it 
seems profitable to record here the varia- 
tions found on five thalli, 7-12 months old 
( Figs. 85-96). The drawings are of hairs 
from the wings, since they are most easily 
seen and were found about half-way be- 
tween cushion and margin of the wing, or 
sometimes. nearer the cushion, on both 
surfaces. These hairs have one common 
characteristic. They are all produced at 
the anterior end of a surface cell. 

Numerous hairs of the 2-celled type 
described above are present (Fig. 85) 
and from such a one by division of either 
the basal or terminal cell may have devel- 
oped the one case observed on a 10 weeks 
old thallus of a 3-celled uniseriate hair 
(Fig. 97). A chlorophyllous basal cell, 
as Bauke ( 1878 ) also observed, very fre- 
quently may bear 2 colorless cells. In 
my cultures they may be of somewhat un- 
equal size and placed side by side ( Fig. 
86) or occasionally they may arise one 
above the other (Fig. 87). Stretching 
of the basal cell might then carry them 
far apart ( Fig. 89 ) and it would be diffi- 
cult to distinguish between such an origin 
and the independent development of two 
unicellular hairs at opposite ends of a cell. 
The basal cell can increase greatly in size 
(Fig. 88) and as it pushes outward, the 
colorless cells are carried out with it. 
When the two colorless cells borne on the 
basal cell touch, as they often do, the hair 
assumes the aspect of a branched hair 
( Fig. 90 ) or the hair may actually branch, 
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sometimes arising from the anterior face 
of a surface cell ( Fig. 91). One example 
was found of a branched hair growing at 
the anterior end of a surface cell together 
with a one-celled hair (Fig. 92). The 
presence of a rhizoid at the posterior end 
of what appears to be a basal cell of a 
3-celled hair ( Fig. 93 ) raises the question 
whether the cell which looks like a wedge- 
shaped basal cell in surface view always is 
one. Rhizoids do not normally grow from 
cells of a hair and in this particular case, 
the cell appears to have divided after the 
rhizoid was produced. Unicellular hairs 
are present as papillate projections of the 
surface cell ( Figs. 94, 95 ) or, as observed 
in one case, may arise from a single-celled 
outgrowth from the thallus ( Fig. 96 ). 
ANTHERIDIUM — Antheridia first ap- 
pear at 14 months and at 2 months are 
numerous on the margin and ventral sur- 
face of the thallus in the region of the 
meristem ( Figs. 28, 30 ) or on the posterior 
half of ameristic thalli ( Fig. 27). They 
are produced in great quantities and may 
entirely cover the young cushion ( Fig. 
32) and extend to the wing. They are 
produced on both ventral and dorsal sur- 
faces and may easily be seen there in the 
cornucopia stage ( Fig. 36a, b ) but in older 
thalli may be hidden among the overlap- 
ping lobes of the wing (Fig. 80). As 
archegonia appear, antheridia are com- 
monly produced on the same thallus but 
in the posterior region ( Fig. 35 ); even at 
10% months, if this tissue is still green, 
some of the antheridia are newly formed. 
The antheridium develops from a papilla 
arising from a surface cell ( Figs. 49, 59). 
A thin disc-shaped basal cell is cut off first . 
( Fig. 60) and soon a dome-shaped wall | 
divides the larger cell into an outer wall 
and an inner spermatogenous cell ( Fig. 
50). The spermatogenous cell divides as 
a third wall cuts out the cover cell of the 
antheridium ( Figs. 51, 61). Successive 
divisions in the spermatogenous cells 
( Figs. 52-54) produce a small number of 
sperms (Fig. 55). Each of the three wall- 
cells of the mature antheridium contains 
small plastids ( Fig. 63) yet with a hand 
lens the antheridia appear colorless against 
the green of the thallus as they do in higher 
ferns. Two granules, the forerunners of 
the blepharoplast, are clearly seen in the 
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Fics. 49-67 — Mohria caffrorum. Antheridium. Figs. 49-58. Median sections. 


External views. 


Figs. 49-54. Stages in development. 


Figs. 59-67. 
Fig. 56. Mature, divided, 


Fig. 55. Mature. 
elongating blepharoplast. 


basal cell. Fig. 57. Spermatid mother cell. Fig. 58. Spermatid, 
Figs. 59-61. Stages in development. Fig. 62a, b. a, stretching of cap cell; b, dehiscence. Fig. 63. 
Mature. Figs. 64, 65. Early and late stage, dehiscence, widening of pore. Fig. 66. Antheridia 


on filamentous thallus found among older thalli. 


Fig. 67. Diagrammatic figure, stages in de- 


hiscence. x 320 except. Figs. 57, 58 x'1000; Fig. 67 x ca. 170. 


sperm mother cells ( Figs. 52, 57 ) as well 
as the developing blepharoplast in the 
spermatids ( Figs. 53, 58). The mature 
antheridium, often leaning toward the 
posterior end of the thallus, tends to be 
asymmetrical with a very slight bulge of 
the cover cell at one side ( Figs. 54-56). 
At dehiscence the cover cell first protrudes 
and then is shed explosively (Fig. 62). 
The spermatocytes emerge one by one 
through a pore. At first they push 
through with difficulty but gradually with 
more ease as the pore becomes increasing- 
ly larger ( Figs. 64-66). Stages in dehis- 


cence were observed in antheridia mount- 
ed in water and are diagrammatically 
represented in Fig. 67 (a-e). First the 
cover cell begins to bulge and there is 
considerable stretching and contracting of 
the outer wall at that point. Eventually 
the cover comes loose around the rim, 
pushing jerkily against something which 
still covers and holds it in place. This 
may be a cuticle. Then suddenly it slips 
sideways, is ejected forcibly and is usually 
thrown clear. Immediately the spermato- 
cytes push out through a pore, presum- 
ably the rent made in the cuticle by the 
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Fics. 68-84 — Mohria caffrorum. 


development. 


Fig. 75. Mature, 
Anomalies. 


Fig. 80. T.s. old thallus. 


initial. 


81 x 150. 


ejected cover cell. Antheridia produced 
in great numbers on branching filaments 
( Fig. 66) when growth conditions are un- 
favorable or on ameristic thalli growing 
among older thalli where lobes of the 
wing cut down the light dehisce in the 
same way as those on the surface of the 
thallus. The sperm swim, suggesting that 
they are functional. 
ARCHEGONIUM — The archegonia ap- 
pear when the thalli are 24-3 months old 
on a well-developed cushion (Fig. 34a ). 
There are some thalli which bear only 


Archegonia and hairs. 
young thallus. 


Sections. 


Figs. 68-74. Stages in 
Fig. 76. Mature, 


old thallus. Figs. 77-79. 


Fig. 81. Detail through meristem with hair initial (hi) 
and young archegonium. Fig. 82. Detail of hair initial. 


Fig. 83. Development of hair from 


Fig. 84. Mature 2-celled hair. x 320 except Figs. 77-79 x 220; Figs. 80, 84 x 180; Fig. 


archegonia and seem never to have pro- 
duced antheridia or, if so, very early on 
the posterior part of the thallus already 
decaying by the time archegonia appear. 
Usually both sex organs can be found by 
careful search. The archegonia are pro- 
duced directly behind the meristem ( Figs. 
37e, 40b, 81). In young healthy thalli 
the longitudinal axis of the archegonium 
tends to lie parallel with the direction of 
growth of the meristem, that is, oblique 
to the longitudinal axis of the cushion. 
Sections cut at right angles to the meri- 
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Fries. 85-97 — Mohria caffrorum. Surface hairs. Fig. 85. 2-celled hair. Figs. 86-88, 90. 


Various positions of cells in 3-celled hair. 
Fig. 92. Branched and one-celled hair. 
hair. 


stem show the usual developmental stages 
from an initial cell ( Figs. 68-74). The 
mature archegonium has a long, more or 
less straight, neck with 4-5 neck cells and 
_a binucleate neck canal cell ( Figs. 75, 76). 
Stretching of the cells rather than an in- 
“crease in number usually accounts for the 
longer necks ( Fig. 75). As the cushion 
bulges and grows erect, the long necks 
may curve and become distorted and 
they usually grow out in all directions. 
Median sections are infrequently obtained 
‘but show that the neck cells are usually 


longer rather than more numerous in the 


longer necks although sometimes they may 
be 6-8 in number. The lowest cells of the 
neck divide as do the cells of the thallus 
surrounding the egg cell, forming a jacket 
layer of small cells ( Fig. 76 ). 

_ A few anomalies were observed: the 
spindle of the dividing neck canal nucleus 
may be at right angles to the longitudinal 


Fig. 89. Anomaly. 
Fig. 93. Two one-celled hairs. 
Fig. 96. Anomaly. Fig. 97. Anomaly from thallus in Fig. 31a. x 180, except Fig. 91 x 320. 


Fig. 91. Branched 3-celled hair. 
Figs. 94, 95. One-celled 


axis of the archegonium and not parallel 
with it (Fig. 79); the neck canal cell is 
occasionally observed with 3-4 nuclei 
instead of two ( Figs. 77, 78 ). 

EMBRYO — Embryos were not observed 
in my cultures although thalli 10 months 
old usually produced over a hundred 
archegonia. When thalli of any age are 
put in water, only a few archegonia direct- 
ly behind or near the meristem open ( Figs. 
33, 37e). This is unlike Osmunda which 
also develops a massive cushion but where 
many of the innumerable archegonia open 
at the same time (Stokey & Atkinson, 
1956a). As some thalli in my cultures of 
Mohria caffrorum were 14 mm high, the 
opening archegonia were far removed 
from antheridia on the posterior region of 
thallus or from ameristic thalli at its 
base. The effectiveness of the antheridia 
scattered on the newer upper lobes of the 
wing is much reduced by the air pockets 
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formed among them when water is drop- 
ped upon the thallus. The chances for 
fertilization are best among young thalli 
with unlobed wings which still lie more or 
less prostrate upon the substratum. 

One young sporophyte was obtained 
bearing the first nine leaves ( Fig. 46 ) in 
which two unusual features may be point- 
ed out. It is unusual to find a sporophyte 
with as many as nine leaves still attach- 
ed to the gametophyte. The columnar 
cushion and lobes of the wing are clearly 
distinguishable in the specimen. In many 
ferns the thallus becomes exhausted and 
disintegrates much earlier. As the culture 
had dried somewhat, the first 5 leaves 
( shaded in drawing ) had begun to shrivel. 
Perhaps they would have done so in any 
case. On watering they did not revive. 
The young sporophyte had produced 
three roots. Two of them are directly 
below the last formed leaves and are 
clearly separated from the first-formed 
root by a length of rhizome. It is un- 
usual in my experience to find a recog- 
nizable rhizome in sporophytes still at- 
tached to the sporophyte. 


Mohria lepigera 


Spores of Mohria lepigera are larger than 
those of M. caffrorum, averaging 81-9u in 
diameter and there is less variation in size. 
They range from 74 uto 89-7 u. Sculptur- 
ing of the coat is similar to that of M. caf- 
frorum but the ridges seem to be more 
regular and the margin of the tripartite 
ridge heavier. Germination in the sum- 
mer of 1960 was less than 10 per cent on 
peat but about 50 per cent on agar. 

Thalli grown from earlier sowings were 
similar to those of M. caffrorum in devel- 
opment of thallus, sex organs and one and 
two-celled hairs. At six months, upright 
thalli with archegonia, grown on peat, 
produced antheridia completely covering 
the lower lobes of the wing and shortly 
after the lateral meristem ceased to form a 
cushion and grew forward as a plate. 
Both circumstances were interpreted as 
responses to adverse growing conditions 
and the cultures were abandoned. 


Discussion of these data is postponed 
until a later date. 
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Summary 


The spores of Mohria caffrorum are 
tetrahedral and germinate in 4-5 days 
forming a filament usually 5-6 cells long. 
Longitudinal divisions beginning in cells 
behind the apex gradually extend to all 
cells of the filament including the terminal 
cell where division is often oblique. A 
wedge-shaped apical cell with 2-3 cutting 
faces is not formed. Instead, divisions at 
one side of a spatulate plate form a lateral 
meristem which develops a voluminous, 
usually deeply lobed, wing and a massive 
cushion. The thallus is at first prostrate, 
then lifts from the substratum in an 
oblique position and when 7-11 months 
old becomes upright. The cushion appears 
columnar and the meristem remains in a 
lateral position hidden by the lobes of the 
wings. These die off at the base as the 
thallus grows in height. The cushion 
grows in a spiral in some cases, in others it 
does not. It may branch. Regeneration 
was observed from the tip of a lobe of the 
wing. Hairs appear on both surfaces of 
cushion and wing, rarely on the margin 
and may be 1 to 3-celled. They arise at 
the anterior end of a surface cell and at 
least some of the 2 and 3-celled hairs 
develop from a hair initial cut oblique- 
ly from the anterior face of a superficial 
cell not far from the meristem. Early 
rhizoids may be marginal developing from 
an initial cut from the posterior face of 
the parent cell. They contain chloroplasts 
when young, become long, rather stiff and 
tan in color, abundant early but sparsely 
produced along the columnar cushion, 
often not reaching the substratum. An- 
theridia arise on the cushion and both 
surfaces of the wings of thalli 6 weeks to 
4 months old, on the posterior regions of 
the cushion at 7 months and among the 
lobes of the wings of old thalli. They are 
of the type of the higher ferns, with a 
3-celled, almost colorless wall and relative- 
ly few sperm. At dehiscence the cap cell 
is ejected and the spermatids emerge 
through a pore. Archegonia are produc- 
ed in great numbers on the cushion and 
develop in the usual way. The necks of 
the mature archegonia are long although 
usually the number of cells does not 
exceed 6 or 7 and the necks extend 
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in all directions. One sporophyte with 
9 leaves was obtained which showed 
an appreciable length of rhizome while 
still attached to the massive thallus. 
The history of development for M. lepigera 
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is similar to that for M. caffrorum. 
Viability of the spores of M. caffrorum 
and M. lepigera is prolonged; spores 
germinate from collections 8 and 5 years 
old respectively. 
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RELATIONSHIP AND CONVERGENCE IN 
ANGIOSPERMS 


W. R. PHILIPSON 
University of Canterbury, Christchurch, New Zealand 


Classical taxonomy is built on a founda- 
tion of comparative morphology. Its aim 
is to arrange plant groups according to 
their similarities and differences, taking 
into account as many characters of the 
plants as possible. Such a classification 
is said to be natural as opposed to those 
based on arbitrarily chosen contrasting 
characters, which are said to be artificial. 
The term natural is used because it is felt 
that groupings based on a large number of 
characters must reflect true relationship, 
by which is meant, here, relationship by 


descent. Coincidence could not be 
thought to account for so many points of 
resemblance. And yet much of the his- 
tory of plant taxonomy is of progress 
through the recognition of such coinci- 
dences. Natural classifications of the 
past have not proved to be true expres- 
sions of phylogenetic relationship, that 
those of today often are not is becoming 
more widely recognized; indeed it is be- 
coming apparent that the method of 
comparative morphology may create poly- 
phyletic groups whose diverse origins 
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cannot be demonstrated except rarely 
by the introduction of other types of 
evidence, such as palaeobotany or cyto- 
genetics. 

Bailey ( 1951 ) wrote “ there has been a 
failure to recognize how frequently mor- 
phological similarities have arisen through 
parallel or convergent evolution ”. Con- 
vincing demonstrations of convergence 
are rare since much time is required to 
marshall the evidence. Recent work on 
the taxonomy of grasses has made use of 
many new and diverse characters and as a 
result the natural subdivision of that 
family has been improved. At the same 
time several examples of convergent evo- 
lution within the Gramineae have been 
brought to light. This recent work on the 
Gramineae will, therefore, serve as an intro- 
duction to the problems met when relation- 
ship is being determined by comparison. 
The Gramineae is one of the largest fami- 
lies, comprising about 525 genera, and the 
number of known species is of the order of 
6000-7000. The family includes bamboos, 
cereals and fodder grasses and its essential 
unity is not questioned. Hubbard ( 1948 ) 
suggests that one tropical species, Anomo- 
chloa marantoidea Brongn., may not belong 
to the same stock, but otherwise he con- 
siders the family to be monophyletic. 
Nevertheless considerable diversity exists 
within the family, a striking example 
being Micraira subulifolia F. Muell. from 
the uplands of Queensland which has a 
remarkable spiral phyllotaxis and other 
unique features ( Philipson, 1935). The 
classification of the Gramineae, like that 
of other families, has been based mainly 
on reproductive features. Floral charac- 
ters are so few that more use than normal 
has been made of characters of the inflore- 
scence, 

Several systems had been proposed 
during the hundred years preceding 1930. 
While most of these agreed on the main 
sub-divisions, constant shuffling and re- 
shuffling of these was being proposed. In 
retrospect it seems fair to say that general 
agreement and finality would never be 
reached if systems were limited to the 
characters then employed. The relation- 
ships of some groups would have remained 
uncertain, with the inevitable result that 
repeated attempts at improvement would 


PHY TOMORPHOLOGY 


[ December 


have continued, but no certain progress 
would have been made. 

Well, before that time several botanists 
had shown that other characters, such as 
those of the fruit or of leaf anatomy, were 
helpful, but in 1931 the Frenchman Prat 
began publishing a series of histological 
studies which culminated in his classical 
paper ‘‘ La Systématique des Graminées ” 
(1936). Also in 1931, the Russian Avdu- 
lov published a paper of equal importance 
on the cyto-genetics of the Gramineae. 
These two workers drew together much 
previous evidence but their original contri- 
butions were of even greater importance. 
Avdulov demonstrated two major cyto- 
logical types within the family: in one the 
chromosomes are large and usually in 
multiples of seven, in the other the smaller 
chromosomes occur in multiples of 4, 5, 6, 
9, 10 or 12. It is interesting that Avdu- 
lov combined these cytological features 
with those of leaf anatomy to propose a 
new subdivision of the Gramineae into 
three major groups. Although this clas- 
sification was too simple to avoid some 
artificial features, his cytological evidence 
has proved to be of the greatest value as 
additional evidence of affinities. 

Prat studied the epidermis of the leaf, 
and showed how its characters varied 
consistently between the principal sub- 
divisions of the grasses. The first type 
of epidermis (festucord ) is found in the 
Festuceae, Aveneae, Hordeeae, Agrosteae, 
and Phalarideae. In it the siliceous cells, 
which occur over the nerves, are simple, 
being either rounded or elongate. A 
second type ( panicoid ) occurs in the Pani- 
ceae, Eragrosteae, Andropogoneae, Chlori- 
deae, and other chiefly tropical tribes. 
The siliceous cells in this type have a more 
complex shape, often resembling dumb- 
bells or crosses. In addition characteristic 
two-celled -hairs are present and these 
are always lacking in the festucoid type 
of epidermis. Further subdivision was 
found possible within the panicoid type. 

The observations of Prat and Avdulov 
were not entirely original. Although 
others before them had studied the chro- 
mosomes and the epidermal cells of grasses 
they extended these observations syste- 
matically and were able to draw broad 
generalizations from them. They also 
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linked other previously known facts with 
these generalizations. They recognized 
two principal types of leaf-anatomy among 
grasses. In one, the chlorophyll tissue 
appears to radiate around the vascular 
bundles and a sheath of large thin-walled 
cells encloses the bundles  ( Paniceae, 
Chlorideae, Eragrosteae and other mainly 
tropical tribes). In the second the 
bundle-sheath is of smaller, thickened 
cells and the chlorophyll tissue is not 
regularly arranged (Festuceae, Aveneae, 
and other temperate tribes, together with 
the Oryzeae and many of the Bambuseae, 
though this tribe appears intermediate in 
respect to leaf anatomy). They also 
showed that features of the seedling and 
spikelet corresponded with their subdivi- 
sions. In the festucoid tribes the first 
leaf of the seedling is erect, narrow and 
linear, and the upper florets of the spike- 
lets are often reduced. In the panicoid 
tribes, on the other hand, the first seed- 
ling-leaf is inclined and is relatively broad, 
and the lower floret tends to be reduced. 
They had less success in correlating the 
structure of starch grains with their own 
groupings. Simple starch grains are 
characteristic of the panicoid tribes and 
compound grains in the festucoid tribes 
together with the Oryzeae, the Chlorideae, 
the Evagrosteae, and the Bambuseae. The 
-Hordeeae and some genera, however, are 
exceptional within the festucoid group in 
having simple starch grains. : 

It is unfortunate that both these authors 
overlooked early work in the embryo of 
grasses by van Tieghem, who found 
differences between festucoid and pani- 
coid caryopses. Reeder (1957 ) has con- 
firmed and extended these observations. 
Using four main characters ( course of the 
vascular system; presence or absence of an 
epiblast; nervature and aestivation of the 
embryönic leaf; lower part of scutellum 
fused to the coleorhiza or free ) he recog- 
nized six types of embryos. These show 
good correlation with the histology of the 
epidermis, leaf-anatomy, and the size and 
number of the chromosomes. 

The two major groups may also be 
distinguished by characters of their apical 
meristems and by cytological features. 
Brown et al. (1957) found two tunica 
layers present in the apices of the Festu- 
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coideae and Phragmitoideae but only one 
in the Panicoideae. Brown & Emery 
(1957) also report that in the panicoid 
grasses which they examined residual 
nucleoli persist until metaphase in the 
mitoses of at least some of the cells of the 
apical meristem of the root, whereas in the 
festucoid grasses this never occurs. 

Yet another quite distinct set of charac- 
ters relating to root-hairs has been found 
to support this cleavage among the tribes 
of the Gramineae. Row & Reeder ( 1957), 
extending earlier work by Sinnott and 
Bloch, show that in festucoid grasses the 
last division of the surface cells of the root 
produces unequal daughter cells. The cell 
nearer the apex is smaller with denser 
protoplasm and this alone gives rise to a 
root-hair. In panicoid grasses the last 
division produces equal cells, either of 
which is capable of producing a root hair. 
Associated with this difference most festu- 
coid root-hairs arise towards the apical 
end of the epidermal cell and incline for- 
wards at an angle of about 45°. In con- 
trast the root-hairs of panicoid grasses 
usually arise from the middle of the epider- 
mal cell and project from it at right angles. 

Closely associated with the morpho- 
logical characters of root-hairs, Avers & 
Grimm ( 1959 ) have reported that all the 
four festucoid grasses investigated showed 
intensified acid phosphatase activity in 
the small, hair-producing cells of the root 
epidermis with loss of activity in the lar- 
ger hairless cells. Three panicoid grasses 
on the other hand, showed no phosphatase 
inactive cells, and all cells remained able 
to produce root-hairs. Another physio- 
logical difference between the festucoid 
and panicoid grasses is reported by Al- 
Aish & Brown (1958), who find that 
festucoid grasses are readily killed by 
even weak applications of isopropyl-n- 
phenyl carbamate, whereas panicoid 
grasses survive this treatment and may 
even show an enhanced germination. 

Another physiological distinction lies 
in the nature of the reserve carbohydrates. 
Cugnac ( 1931 ) found that grasses belong- 
ing to a restricted group including the 
Phalarideae, Agrosteae, Aveneae, Festu- 
ceae, Hordeeae, store fructose at least at 
some stage of their development, whereas 
grasses of other diverse groups never form 
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fructose. Clearly there is evidence of an 
interesting distinction in carbohydrate 
metabolism but too few grasses have been 
investigated from this point of view for 
final conclusions to be drawn. 

This work has made the taxonomy of 
the Gramineae unique in being based on 
so. many and such diverse characters. 
Considerable time must elapse before a 
formal classification embodying this infor- 
mation can be constructed, but its main 
outline was sketched by Prat as early as 
1936. No doubt can remain that the 
family comprises two contrasting groups, 
the festucoid and panicoid grasses. The 
other important subdivisions, such as the 
Bambuseae and the Chloridoid-Exagros- 
toid complex of genera, are mainly 
characterized by possessing some charac- 
ters of each of the two main groups or by 
being intermediate in some respects. The 
Oryzeae, to which rice belongs, has com- 
pound starch grains and a leaf-anatomy 
similar to the festucoid group but in epi- 
dermal characters, seedling leaf and espe- 
cially in the small and numerous chromo- 
somes it resembles the panicoid group. 
In addition it displays sufficient distinctive 
features to justify its retention as a sepa- 
rate tribe. 

The diversity of characters now avail- 
able will enable fresh judgements to be 
reached in the relationships of aber- 
rant genera. Row & Reeder ( 1957 ) show 
how root-hair characters confirm the re- 
moval of Eragrostis from the festucoid 
group to the panicoid, and de Wet ( 1956 ) 
has confirmed the removal by Hubbard 
of Danthonia from the Aveneae to a sepa- 
rate tribe. It is true that most species 
of this genus have a festucoid type of leaf- 
anatomy, but the embryos are mainly 
panicoid with some features that link them 
with the Arundineae. Hubbard ( 1948 ) 
has remarked on the prevalence of super- 
ficial resemblances between widely sepa- 
rated groups, and he has already applied 
the newer evidence to resolve problems of 
this kind. Indeed the convergence may 
be so pronounced that species now clearly 
belonging to separate tribes were formerly 
thought to belong to the same genus. 
Species of Evagrostis were confused with 
Poa, and grasses previously thought to 
belong to one genus Lepturus are now 
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placed in four different tribes ( Hubbard, 
1946 ). 
Our understanding of the relationships 
within the grasses has been immensely 
improved by these investigations, and 
when they come to be synthesized into a 
reclassification, the resulting groups will 
be more natural than the older ones. But 
a great deal of intensive work remains to 
be done. Each of the new characters 
must be studied in great numbers of 
grasses, and each section of the Gramineae 
must be the subject of a complete and 
painstaking re-description. When this is 
done, present ideas may be found to be 
rather gross generalizations. A beginning 
along these lines has been made by Brown 
( 1958 ) who has reinvestigated the charac- 
ter of leaf-anatomy. This was one of the 
first vegetative features to be used in grass 
systematics and has been the subject of 
repeated studies for a century. Never- 
theless, Brown was able to make consider- 
able advances. The characters he used 
were those of his predecessors, namely, 
(a) the presence or absence of the inner 
bundle-sheath (endodermis), (b) the 
structure and function of the outer bundle- 
sheath, and (c) the arrangement of the 
chlorenchyma cells between the bundles. 
He also took into account certain physio- 
logical distinctions previously reported 
by Rhoades & Carvalho (1944). These 
workers found starch formation in all chlo-. 
rophyll-containing cells in oats, wheat, 
and barley (festucoid ) but only in the 
enlarged parenchyma sheath cells of 
maize and sorghum ( panicoid ). On the 
basis of these characters Brown was able 
to define several more anatomical types 
than had been recognized previously; 
namely, festucoid, bambusoid, arundinoid, 
panicoid, aristidoid, and chloridoid. The 
recognition of these more precisely defined 
categories at once shows that some pre- 
viously accepted anatomical sub-divisions 
are not uniform in this respect and new 
relationships are suggested. De Wet’s 
work on the Danthonieae leaves a similar 
impression. In that case detailed work 
on a small group also brought to light 
incorrect taxonomy. A recent intensive 
re-investigation of the bicellular epi- 
dermal hairs ( Tateoka et al., 1959) con- 
firms generally the conclusions of Prat, 
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but brings to light some contradictory 
character associations, especially among 
species of Eragrostis. One result of these 
intensive studies is that inter-relationships 
begin to look so complex and reticulate, 
even interwoven, that a tidy, complete 
and satisfying classification seems remote. 
Increasing knowledge leads to complica- 
tion rather than simplification. It would 
also seem that the more refined and inten- 
sive the study, the more errors in clas- 
sification will be detected. The resolving 
power of taxonomy is governed by the 
precision of its techniques, just as the 
resolution of a microscope is dependent on 
its optical quality. Is this a process to 
which there is a limit ? 

It should not be thought that finality 
will be reached in the classification of 
grasses, even when the new concepts have 
been fully applied in practice. The stag- 
nation that threatened before 1930 has 
been relieved; a classification that will 
reflect true phylogenetic relationships 
much more closely will result. It should 
not be assumed too readily that other un- 
suspected parallelisms and convergences 
will not remain. 

This situation can be illustrated by 
holding your two hands before you with 

fingers interlocked. Thumb will be next 
to thumb and little finger next to little 
finger, and so on. The fingers represent a 
natural classification with like next to 
like. Now draw your hand apart and let 
each arm and hand represent a separate 
line of evolution: the similarities between 
similar fingers are now supposed to be due 
to parallel evolution or convergence. We 
have seen how such situations occurred in 
the Gramineae and have now been par- 
tially resolved. If convergence is fre- 
quent, an inevitable result of natural 
classification will be to produce polyphyle- 
tic groups. Taxonomists must hope that 
such situations can always be resolved by 
more careful work—they may with 
reason point to the recent history of the 
grasses in support of their hopes — but it 
may be that convergence could lead to 
groups in which characters were closely 
interwoven, being combined together in a 
kaleidoscopic assortment of forms, so that 
the phylogenetic relationships of the 
members could not be resolved by compa- 
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rative studies. Evidence from cyto- 
genetics might help, a fairly complete 
fossil record would if it were available. 

Convergent evolution has long been 
recognized. The approach is often be- 
tween quite unrelated groups and then 
their resemblance is no more than super- 
Perhaps the most frequently cited 
example is the very similar habit of the 
succulents of American and African 
deserts. Although so similar in appear- 
ance these plants belong to quite unrelated 
families. No doubt their resemblance is 
due to similar selective processes having 
evoked similar evolutionary responses. 
Their floral characters, being unrelated 
to these selective processes, have not 
converged and clearly indicate the dis- 
tinctiveness of the various stocks. The 
same is true of mangrove vegetation 
where extreme environmental conditions 
are met by similar responses in plants of 
very various affinities. In this case the 
most striking feature is the possession of 
pneumatophores or functionally equi- 
valent structures which occur in mangrove 
plants belonging to many distinct fami- 
lies. ““ Mangroves are perhaps the most 
remarkable of all examples among plants 
of epharmonic convergence or resem- 
blance between unrelated species living in 
a similar habitat.” (Richards, 1952). 
A less well known, but equally interesting 
example, is found on the scree slopes of 
the Southern Alps, New Zealand. Plants 
belonging to diverse families, e.g. Umbelli- 
ferae, Compositae, Ranunculaceae, Caryo- 
phyllaceae, Campanulaceae, Cruciferae 
and Gramineae, all have semi-succulent, 
purplish-grey leaves, which are mostly 
linear or with linear segments. In the 
preceding examples the environmental 
extremes are related to the vegetative 
features of the plant and convergence is 
confined to them. Since floral characters 
are not affected, and since it is upon these 
that classifications are largely based, no 
one doubts that the resemblances are to 
be explained by covergent evolution. 

If convergence should affect floral char- 
acters, there is a real danger that the 
undue reliance which has been placed upon 
the flower by classical taxonomy would 
result in unnatural groupings. Because 
the Primulaceae and Myrsinaceae are both 


372 


predominantly gamopetalous and share 
two rather exceptional floral characters 
(free central placentation and obdiplo- 
stemony ), they are often associated to- 
gether, and yet they are dissimilar in most 
other respects. Taxonomists have been 
aware of this danger, especially when de- 
fining groups above the level of the family. 
One of the most penetrating and well 
documented analyses of the major groups 
of the dicotyledons from this point of 
view was made by Wernham (1912). 
Drawing on an intimate knowledge of the 
groups concerned, and using orthodox 
methods of comparative morphology, he 
concluded that seven separate stocks 
within polypetalous families have given 
rise to groups of families with sympetalous 
flowers. 

Since the possible combinations of major 
floral characters is limited, it is perhaps 
not surprising that similar flowers should 
occur in different lines of evolution within 
the angiosperms. It becomes even less 
so when we realize, as Stebbins ( 1951 ) 
has shown, that a small number of these 
combinations are much more frequent 
than might be expected on a random basis. 
No doubt Stebbins is correct in regarding 
these floral forms as adaptive peaks 
and supposing them to be particularly 
suited to their functions. Flowers, of 
course, perform functions important to 
the plant and like the rest of the organism 
are subject to selective processes. If the 
floral biology of two unrelated groups is 
similar, there may well be convergent 
evolution of the flower. The pollinia of 
Orchids and Asclepiads may be such a 
case, but here the remaining floral charac- 
ters prevent confusion. 

As with vegetative characters, conver- 
gent evolution in flowers becomes most 
obvious when the biology of the flower is 
of some extreme type. The overriding 
influence of some environmental factor 
then imprints itself on flowers of many 
different affinities. This is most familiar 
in the case of anemophilous flowers which 
share so many features, but is more strik- 
ing, if only because of their comparative 
rarity, in the small group of bird-polli- 
nated flowers. It is true that many 
flowers that attract birds are also visited 
by insects, but certain features seem to be 
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associated with bird-pollination, e.g. a 
copious production of thin nectar, as in the 
flowers of the New Zealand flax, Phormium, 
and rigid styles and filaments as in Ery- 
thrina indica and Strelitzia regina. Neigh- 
bouring structures are used as perches 
during pollination, as for example the use 
by humming birds of the stiff, bare ex- 
tremities of the inflorescence branches of 
some Andean species of Puja, and floral 
primordia may develop directly into 
pseudo-fruits which have been observed 
to serve as food for birds in the Malayan 
Boerlagiodendron at a time when the func- 
tional flowers were open. 

An interesting example of floral similar- 
ities which may be due to the common 
factor of bat-pollination is referred to by 
Baker & Harris ( 1957). The inflorescence 
of Parkia clapertoniana and the solitary 
flower of Adansonia digitata both hang 
clear of the foliage of the tree at the end 
of a long leafless axis and the globose 
inflorescence of Parkia resembles the ball 
of stamens of the Adansonia flower. 
Both flowers are known to be visited by 
bats and their common features may be a 
result of this. However, in view of the 
occurrence of species of Parkia with this 
type of inflorescence in South America, 
where nectar-lapping bats are unknown, 
Baker and Harris doubt the possibility of 
this explanation. : 

Taxonomic confusion has not arisen. 
from the resemblances of bird or bat 
pollinated flowers; they are no more mis- 
leading than vegetative convergence. 
This cannot be said for wind-pollination 
which has led to the association of un- 
related families, as for example in the 
former group Amentiferae, often includ-' 
ing Juglans and Garrya, and even in the 
currently used Fagales, the Fagaceae and 
Betulaceae may well be unrelated. The 
majority of Dicotyledons are entomophi- 
lous so that the basis of most of their 
classification rests on the characters of 
flowers visited by insects. When we 
consider that such special modes of exis- 
tence as parasitism and the carnivorous 
habit have been achieved several times, it 
might be expected that successful floral 
mechanisms related to particular insect 
habits would also be achieved in more 
than one line of evolution. The important 
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difference would be that convergence, in 
this case, might well remain undetected. 
It is generally agreed that entomophi- 
lous flowers and their insect visitors have 
evolved together and Leppik ( 1957 ), who 
has studied the sensory capabilities of 
insect pollinators to recognize and remem- 
ber the patterns and shapes of flowers, 
describes six levels of their ability. These 
‚are defined by the ability of the insect to 
distinguish, for example, certain radiate 
arrangements, three dimensional shapes, 
and other symmetries. He concluded 
that the food-searching activities of polli- 
nating insects are a selective factor which 
tends to keep the evolution of flowers into 
a limited number of types. These types are 
known to recur in widely separated affin- 
ities, indeed capitula can belong to the 
same type as true flowers. Troll (1928) gives 
the most precise account of these paral- 
lelisms between flowers and pseudanthia. 
If selection by insect visitors is as 
Leppik described, it could lead to faulty 
classification, especially with flowers of a 
rather generalized type. The coincidence 
of very few characters can bring genera 
together in the same family. Examples 
of the lumping together of unrelated 
genera because of technical floral similar- 
ities are the Hydrangeaceae formerly 
included in the Saxifragaceae and the 
inclusion of what is now considered to be 
part of the Amaryllidaceae within the 
Liliaceae. The monotypic New Zealand 
genus Hectorella has been placed in the 
Caryophyllaceae on account of a general 
similarity of the flowers, but it differs from 
that family, amongst other things, in hav- 
ing solitary axillary flowers and a spiral 
phyllotaxis, both characters most atypical 
of the Caryophyllaceae (Skipworth, 1959). 
Other examples, no doubt, remain to be 
detected. It may be, for example, that 
within a large family such as the Palmae, 
a rather generalized flower and the domi- 
nant and unusual habit has obscured 
important differences. Hutchinson (1926) 
suggests that the resemblance between the 
Chrysobalaneae and the remainder of the 
Rosaceae may be due to convergence and 
notes that the stomatal characters are 
distinctive. 
_ That many existing taxonomic groups 
are polyphyletic is an opinion put forward 
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by Willis (1949). Many of Willis’ ideas 
do not appear tenable, but his case for the 
artificial nature of many taxa seems well 
considered. The disjunct nature of the 
distribution of many taxa, or the wide 
scattering of those considered to be inti- 
mately related may often be explained, 
according to Willis, by their having arisen 
independently in different regions. The 
groups concerned are polyphyletic. When 
we remember that polyphylety is always a 
relative term, being interpreted in relation 
to a given stage of evolution within the 
group concerned ( Heslop-Harrison, 1958 ), 
acceptance of this view may be less diffi- 
cult. Of course, the multiple origin of 
sub-specific taxa has long been accepted, 
e.g. the ecotypes in Hieracium umbellatum 
described by Turesson ( 1922 ). 

Details taken from Willis’ very com- 
plete discussion of the taxonomy and 
distribution of the Araceae will serve to 
illustrate his viewpoint. The family, he 
points out, has been worked up by a first- 
rate botanist, Engler, who was sufficiently 
concerned to keep his groupings natural 
that he used as many as 42 groups to 
include the 109 genera. But even these 
fragmented sections of the family show 
anomalies. For example, in the tribe 
Asterostigmateae with nine small genera, 
eight occur in South America, the other 
Gorgonidium in New Guinea. As great 
discontinuities may occur within a genus, 
as in Spathiphyllum with 26 American 
species and one in Celebes and the Philip- 
pines. Similarly the genus Cyntosperma 
with about 12 species is centred in the 
Malay Archipelago but has 1 species in 
West Africa and two others in South 
America. A few such distributions might 
be accepted, but they are a common 
feature of taxonomy and span very diverse 
parts of the globe. Willis considers that 
they cannot be explained by orthodox 
phytogeographical theories. He con- 
cludes from his long analysis: ““ The most 
probable solution seems to us to be that 
similar characters were being handed down 
on both sides of the gaps, and just happen- 
ed to be combined in a fairly similar way 
in different places ”’. 

The taxonomic history of the Veronica- 
like plants of New Zealand provides con- 
vincing evidence for the view that con- 
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vergence may result in undetected poly- 
phyletic groups in existing taxonomy 
(Frankel, 1941). It is convincing not 
because the taxonomy of this group can 
be regarded as finalized, but because it is 
possible that the present insight into the 
relationships of these plants might not 
have been gained in the absence of cyto- 
logical evidence. Other similar situations 
must still remain unresolved. 

Cheeseman (1925) placed all the New 
Zealand species in Veronica, but Cockayne 
& Allan (1926 and subsequent papers ) 
transferred the majority of these to Com- 
merson’s genus Hebe. A number of spe- 
cies, however, were considered similar to 
the Veronicas of the northern hemisphere 
and were left in that genus. Frankel & 
Hair (1937) found the New Zealand 
species, both Hebe and Veronica, to have 
basic chromosome numbers of 20 and 21. 
As these numbers differ from those of the 
great majority of the Veronicas of the 
northern hemisphere, their discovery not 
only confirmed the validity of the genus 
Hebe, but suggested that the remaining 
New Zealand species, although resembling 
Veronica, were in fact more closely related 
to Hebe. Allan ( 1939), therefore, placed 
these species also in Hebe, supporting this 
transference with certain characters of 
capsule dehiscence and of habit. Later, 
however, Oliver ( 1944) considered that 
these species differed considerably from 
Hebe and, therefore, erected the new genus 
Parahebe to include them. In many 
characters of leaf, habit, flower, and fruit 
this group resembles the genus Veronica. 

The above account has been simplified 
by omitting reference to the small group 
of species now placed in Pygmaea, but 
their inclusion would not affect the prin- 
ciple that groups such as Parahebe and 
Veronica, which are most difficult to 
distinguish on morphological grounds, 
can be shown with reasonable certainty 
to have had distinct origins by the use of 
cytological evidence. It should be borne 
in mind that the complete facts are not 
yet known. A careful comparison of all 
species of Veronica and Hebe and its allies 
may show that relationships are more 
complex. In particular a full account of 
the characters of the Andean and Austra- 
lian species, as well as those from New 
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Guinea and the Island of Rapa in the 
Pacific, would be of interest. An intensi- 
fied morphological comparison might well 
confirm the separation of Parahebe and 
Veronica, now made largely on cytological 
grounds; but even if that proved possible, 
the point of the illustration would not be 
lost. At present, morphology has failed 
to reveal probable phylogeny in this group. 
It may be supposed that other similar but 
unrecognized situations exist. 

In a sense it might be argued that the 
situation in the Hebe-Parahebe-V eronica 
complex has been clarified merely by the 
use of a further morphological character, 
viz. the number of chromosomes in the. 
nucleus, and to that extent it might be 
argued that it does not differ from others 
where relationships have been modified 
with increasing morphological knowledge. 
But the relationship between chromosome 
number and phylogeny is direct and has 
been employed in attempts to demonstrate 
the course of evolution. For example, 
Rattenbury ( 1956 ) found that species of 
Nothopanax with simple adult foliage 
have twice as many chromosomes as 
species with compound adult leaves. He 
concluded that species with simple foliage. 
were more advanced in this genus. 
It, therefore, seems permissible to place 
considerable weight on the evidence of 
chromosomes in a complex of morpho- 
logically similar taxa. \ 

The subject of convergent evolution 
was carefully analysed by Crow (1926) 
who concluded that ‘the origin of the 
same type more than once from the same 
ancestors is not polyphyletism as ordinari-’ 
ly understood.” This may be conceded, 
but this is not the situation considered by 
Willis to be rife in plant taxonomy and 
which the Hebe-Parahebe-Veronica com- 
plex may illustrate. In them the same 
taxon has arisen from distinct ancestors. 
Of course, as soon as recognized, such a 
state of affairs ceases to exist. The point 
Willis would make is that more polyphyle- 
tic groups remain unrecognized than have 
yet been separated into their components. 

It can scarcely be doubted that incorrect: 
associations of taxa at higher levels, e.g. 
the family, will be capable of resolution. 
The comparison of many unrelated charac- 
ters can scarcely fail to separate unnatural 
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groups of this order. In the light of the 
eontinuously accelerating progress of taxo- 
nomy, it would be possible to be complai- 
sant in the belief that all discrepancies in 
classification will eventually be removed. 
Sprague (1940) ably presented the case 
for the view that natural classifications 
will also be phylogenetic in most cases, 
but in the same volume, Gilmour (1940) 
emphasizes that phylogenetic lineages 
can rarely be known so that phylogenetic 
classifications must remain subordinate. 
It is probable that at lower taxonomic 
levels ( generic and specific ) conventional 
taxonomic methods frequently will be 
incapable of demonstrating relationship 
by descent. This is stressed by Cain 
(1959) who says that “ in most groups 
classification can only be natural and a 
great deal of convergence may well exist 
which is inevitably hidden from us by this 
method of classification.” Gates ( 1936 ) 
refers to parallel mutations which lead 
to complex inter-relationships. Sporne 
(1959) has emphasized the extreme pau- 
city of fossil plant evidence to support 
phylogenetic theory. In its absence the 
limitations of the method of comparative 
morphology should not be forgotten. 

It may be supposed that during the 
evolution of plants, as new situations have 
arisen, several existing groups might res- 
pondtothem. Evolution may be thought 
of as advancing on a broad front, opportu- 

nities being seized by several different 
phylogenetic lines, and these might, there- 
fore, appear to converge. In some respects 
this view may be regarded as the converse 
of the multiple-pathways type of evolution 
-( Bock, 1959 ) in which a given situation is 
solved in a variety of ways by different 
organisms. Convergence is usually super- 
ficial and in any case is often detected by a 
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comparison which includes a wide variety 
of characters. However, should the 
groups which converge already be closely 
related it may become impossible to define 
limits which correspond with phylogenetic 
relationship. This mingling of taxa to 
form an interlocking plexus of relation- 
ships is similar to the situation described 
by Grant (1957). Here the confusing 
assortment of characters among related 
groups is due to hybridization. This 
cause of reticulate relationship must be 
limited to comparatively low-level taxa 
( coenospecies ). This is the level at which 
convergence is also most confusing. The 
two processes, convergence and hybridi- 
zation, are not mutually exclusive and 
indeed may often have supplemented 
each other, 


Summary 


1. A consideration of recent develop- 
ments in the systematics of the Gramineae 
reveals instances of convergence. Affini- 
ties can be assessed more certainly wheñ 
many unrelated characters are used, but 
the boundaries between groups do not 
necessarily then become more precise. 
Groups are seen to be inter-related in a 
reticulate manner. 

2. The floral characters upon which the 
classification of plant families and genera 
is largely based may be subject to con- 
vergence. In that event taxa as now 
defined may be polyphyletic. 

3. Intensified comparisons will often 
resolve such incorrect associations, but 
comparative methods cannot always give 
knowledge of phylogeny where similar- 
ities between unrelated groups are close. 
Hebe, Parahebe and Veronica are cited as 
an example of such a situation. 
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CELL DIVISIONS IN LIVING SHOOT APICES* 


ERNEST BALL 
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The present status of interpretation of 
the method of growth of the shoot apex of 
the vascular plants is almost entirely based 
upon studies made by the paraffın method. 
A major disadvantage of it is that only one 
particular stage of development of one 
apex can be shown per fixation; it can 
show only what had happened in one apex 
at a particular instant in the past. Each 
observation necessarily terminates the 
activities of an apex. A further source of 
possible error in this method lies in the 
effects of the toxic compounds in the kill- 
ing solutions. It is not known whether 
these compounds have accelerating, de- 
celerating, or no effect upon the rates of 
cell division in the shoot apex. Moreover, 
a very wide variety of formulae of killing 
solutions have been used; it cannot be 
assumed that all toxic compounds or 
combinations of them would have the 
same effect upon these meristematic 
tissues. Newman (1956) pointed the 
way to avoid the above difficulties in uti- 
lizing a crude method of in vitro micro- 
scopic observation of the shoot apex. 
Newman’s method was inadequate be- 
cause it provided no suitable culture 
medium and no means of photomicro- 


graphy. 
Materials and Methods 


A suitable culture medium was found in 
the mixture of mineral salts of Heller 
(1953 ), the microelements listed by Ball 
(1946) with 150 ml./l. of fresh coconut 
milk, 7-5 g./l. of glucose, 1 mg./l. of gibbe- 
rellin, and 10 g./l. of agar. One-fourth of 
each liter ( pyrex distilled water ), contain- 
ing the minerals, sugar and gibberellin and 
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the coconut milk, was filter-sterilized 
through pyrex fritted glass (Morton 
apparatus ). The other three quarters of 
each liter contained the agar in pyrex 
distilled water and was autoclaved. 
When the agar had cooled to 40°C., the 
first one-fourth of the culture medium was 
added under sterile conditions. The two 
constituents of the culture medium were 
allowed to solidify as slants in especially 
prepared Kolle flasks. Each of these 
flasks had been perforated by a 25-mm- 
diameter hole in the top. The agar had 
been allowed to solidify with the upper 
end of the slant at the far edge of the hole. 
During the course of solidification, the 
agar was protected from contamination by 
a sterilized, reversed Petri plate. The 
culture medium was quite suitable for 
growth over extended periods of time. 
When cultures would be left for several 
weeks, the shoots grew as much as 
10 cm in length and bore several normal 
leaves. 

Three plants were studied. Lupinus 
albus and Vicia faba were grown as green- 
house seedlings that were utilized at 15-30 
days after planting. Fresh vegetative 
shoots of Asparagus officinalis were obtain- 
ed from local markets. All of these plants 
had shoot apices with chloroplastids in 
their cells and thus had a green color under 
reflected light. This green color was 
found to be essential for successful photo- 
graphy of the apex. Many other apices 
were studied which did not have such a 
green color (e.g. Tropaeolum majus ) and 
photography was unsuccessful. The white 
appearance of such apices under reflect- 
ed light yielded no detail that could be 
caught by the film, and the images were 
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almost featureless outlines of the meri- 
stems. 

As was discussed in an earlier communi- 
cation ( Ball, 1946 ) the surfaces and tis- 
sues of the shoot apices and young leaves 
of Lupinus albus (and, presumably, of 
most other vascular plants) were devoid 
of microorganisms. The only sterilizing 
that was found necessary was that of the 
external surface of the intact bud prior to 
dissection; this was accomplished by a 
5-minute immersion in 1-75 per cent solu- 
tion of sodium hypochlorite. 

After the surface sterilization, the bud 
to be utilized was prepared by the removal 
of all leaves save the youngest one, and the 
old leaf-bases were smoothed by transverse 
( downwardly-slanting ) cuts by a micro- 
scalpel on all sides of the shoot apex. The 
subjacent shoot was approximately 10 
mm in length, and was pushed vertically 
downward into the agar surface that was 
exposed by the hole in the Kolle flask. 
Thin layers of agar were then laid over 
the exposed cut surfaces in all directions 
lateral to the shoot apex. A sterile, 

polished cover slip (48 mm x 60 mm) 
was then sealed over the hole in the 
Kolle flask by a silicone stopcock com- 
pound. This compound proved to be de- 
void of microorganisms and required no 
sterilization. 

The Kolle flask was then placed upon 
the stage of a Leitz Ultropak Incident 
Light Microscope UB. The objective 
used was a Leitz Ultropak 11x with a ring 
condenser. Illumination was provided by 

- an American Optical Universal Lamp 

provided with a 6-volt bulb and appro- 

- priately adjusted to cast its concentrated 
beam into the lateral opening of the hous- 
ing of the Ultropak apparatus. A variety 
of oculars was used, and it ranged from a 

_ 10x Leitz Periplan to a 3x Bausch & Lomb 
Projection eyepiece. 
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To prevent the condensation of moisture 
on the underside of the cover glass that 
had been sealed over the hole in the Kolle 
flask, it was necessary to place a coil of 
resistance wire over it outside the field of 
the objective. This wire was kept warm 
by a low voltage ( 1-0 to 1-5 ), low amperage 
(3:5 to 45) from a 6V 10A transformer 
that was connected to a variable trans- 
former set at 20 volts. The cover glass 
remained clear during the entire course of 
the observations. 

The cameras used were of two types. 
One was a 16-mm Eastman Kodak Ciné 
Special II, and the other was a 35-mm 
Bell and Howell Eyemo. Each camera 
was driven, by a succession of single revo- 
lutions each of which exposed single 
frames of the motion picture film, by a 
Roger S-F Camera Drive. The timer used 
for each camera was a Samenco Movie 
Control MC 5B 50. 

The intervals between exposures were 
3 minutes for the 16-mm camera. and 
5 minutes for the 35-mm camera. Actual 
illumination of the shoot apex occupied 
only 1 second per interval of 3 or 5 minutes. 
There was never any wilting of the tissues, 
such as Newman (1956) described, and 
growth of the shoots was continuous. At 
these intervals, it was found that a 30-m- 
length of film required between 7 and 9 
days for passing through the cameras. 
Certain apices of Lupinus were observed 
for 20 days and photographed conti- 
nuously. The other two, which had faster 
growth rates, were observed from 5 to 10 
days. Depending upon the particular 
plant that was being observed, it was 
necessary to check the focus of the objec- 
tive and the position of the shoot apex at 
intervals of from 30 minutes to 3 hours 
during each day. 

The most suitable motion picture film 
for these observations was found to be 


<— 


Fics. 1-2 — Fig. 1. Initial photograph of a shoot apex of Lupinus albus with a foliar prim- 


ordium at lower right. 


“because of the thinness of walls and the high reflectivity of light by the protoplasts. 


The central cells cannot be precisely distinguished from each other 


The peri- 


pheral cells of the apex appear narrow because of the angle of view along the side of the dome. 
x 350. Fig. 2. View of the same apex 41 hours later showing the rearrangement of pattern of 
cells in the central portion that was presumably due to cell divisions, The foliar primordium has 


gained considerably in area. x 350. 
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Eastman Tri-X Panchromatic. Although 
its graininess was, at times, troublesome, 
its high speed gave the great advantage of 
taking adequate pictures at relatively low 
light intensity ( and low heat ) on the shoot 
apices. It had the further advantage of 
yielding negatives of moderate contrast, 
as compared with film of lower speed. 
Contrast of the negative was a continuing 
problem; the images tended to be either 
black or white and had few gray tones. 
The illumination of the tissues of the shoot 
apex and of the foliar primordia by the 
Ultropak caused a brilliant glowing of the 
anticlinal walls of the cells. Contents of 
the cells were generally not observed, 
except as regions of blackness. Super- 
ficial cells alone were observed. 

In all cases, the central cells of an apex 
appeared to have greater diameters than 
those located in lateral, and lower, posi- 
tions on the dome. This was an optical 
error caused by the different angles of 
view. Correspondingly, the central cells 
of an apex were kept in focus during the 
observations and the lateral cells remained 
out of focus. 

By far the most active regions of cell 
division in the entire terminal meristem 
were the foliar primordia. Once formed 
on the flanks of an apex, they grew rapidly 
by cell divisions and enlargement and left 
behind the dome of meristem in its mini- 
mal area. Indeed, the rapid growth of 
foliar primordia and their development 
into leaves was a source of difficulty in 
continuing photography of the apices. 
A primordium that developed to a height 
of 100 u did not overarch the apex, but 
cause reflections of light that lowered the 
resolution of the objective and motion- 
picture film. Trichomes, particularly on 
primordia of Lupinus, frequently grew 
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over the apex and interfered with the view. 
Finally, when a primordium grew to such 
height that it began to overarch the apex, 
the view was totally obscured. For either 
the trichomes or the leaf over the apex, it 
was necessary to stop the camera, take the 
Kolle flask into the sterile inoculation 
chamber, insert a sterile microscalpel 
through the side opening of the flask and, 
under a binocular dissecting microscope, 
remove the interfering structures. An- 
other hazard to continuing observations 
was the upward growth of the stem tissues ; 
in some instances they pushed the surface 
of the shoot apex up against the cover 
glass. It was avoided by daily pushing 
the stem tip downward into the agar. 

Shoot apices were observed in all stages 
of growth, and it was found that cell divi- 
sions were not confined to any particular 
phase, e.g. during growth from minimal 
area to maximal area. 

It was the standard practice to make a 
low-contrast positive motion-picture print 
from the negative film and then to make 
paper prints by projection from the former. 
This procedure yielded a reversed photo- 
graphic (negative) image on the paper 
prints whereby cell walls were black on a 
white background. Such negative paper 
prints proved to be much easier to study 
than the positive ones where all cell walls 
showed as bright lines on a black back- 
ground. 


Observation on the Shoot Apex of 
Lupinus albus 


Cell divisions in the central cells were 
numerous. In some cases it was possibles 
to follow derivations of individual cells, 
but in most instances the cells divided 
rapidly and their reorientations were so 


Le 


Fics. 3-5 — Fig. 3. View of the same apex of Lupinus plus 41 more hours. A totally different 


arrangement of cells in the central region again presumably indi ivisi i 

r : y indicates cell divisions. The foliar 

primordium (fp) has grown considerably in circumferential extent and the axillary bud (ab) can 
= discerned. X 350. Fig. 4. Initial view of a shoot spex of Vicia faba with cells numbered 1 

through 7. Cell 1 is in process of cytokinesis and the partition wall is but dimly seen. A foliar 

Pee gu apa Po the Don side of the apex. x 525. Fig. 5. View of the same apex 4-7 

ours later. The partition wall between the derivatives of cell 
foliar primordium has gained slightly in size. x 525. ee. 
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extensive that the following of the fates of 
individual cells was precluded. A major 
difficulty appeared to be the thinness of 
the walls and the denseness of cell con- 
tents. The cell contents reflected approxi- 
mately the same amount of light as the 
walls. Another difficulty was the shifting 
of the axis during nutations. These move- 
ments seemed to be away from the position 
of formation of a foliar primordium. In- 
dividual cells divided and produced groups 
surrounded by a common wall ( see Fig. 1 
through 3) as described by Ball ( 1949 ). 
This phenomenon was rarely seen on the 
flanks of the apex because of the disadvan- 
tageous angle of view. It was often seen 
in the surfaces of foliar primordia ( Figs. 
2H) 

Cell divisions in the central superficial 
region of this shoot apex were confined 
neither to maximal surface nor to minimal 
surface. The first illustration shown 
(Fig. 1) is at maximal surface with a 
foliar primordium being formed. The 
next figure (2) shows the growth of the 
shoot apex slightly beyond the foliar prim- 
ordium and thus constitutes the begin- 
ning of minimal surface. Figure 3 shows 
the beginning of maximal surface of the 
shoot apex, the formation of the axillary 
bud, and the extensive increase in size of 
the foliar primordium. This series is 
typical of the many made of Lupinus 
albus in that while there were striking 
differences in cell configurations in the 
shoot apex with the passage of time ( the 
interval between each of the figures shown 
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was 41 hours) indicating extensive cell 
divisions, it was difficult to follow the 
activities of any single cell. After long 
and extensive study (two years) of the 
shoot apex of Lupinus albus in the living 
condition, it must be concluded that it is 
not the best material for in vitro observa- 
tions. The cell walls are very thin and 
cannot always be located under reflected 
light. Apparently the contents of the 
meristematic cells are quite dense and 
often reflect as much light as do the walls. 


Observations on the Shoot Apex of 
Vicia faba 


Much more advantageous for study 
than the lupine was the shoot apex of this 
plant. The walls were quite thick and 
reflected light brilliantly and the proto- 
plasts apparently quite vacuolate since 
they did not reflect light at all. Further- 
more, the nutational movements of the 
shoot apex were much less than those of 
the lupine. It was possible in a large 
number of series to follow fates of indivi- 
dual cells in the surface of the apex. The 
series in Fig. 4 through 24 is adequate for 
such observations since it goes through 
maximal surface and the leaving behind of 
a foliar primordium ( Fig. 4 through 19 ) 
and the growth of the apex during early 
stages of minimal surface ( Fig. 20 through 
24). The two cells marked 1 in Fig. 4 
were in early stages of formation of the 
partition which was seen fully developed 
in Fig. 6 in the elapsed time of 8 hours. 


hours ). 


— 


Fics. 6-9 — Fig. 6. View of the same apex of Vicia 3-3 hours later (total elapsed time 8 
The partition wall between the derivatives of cell 1 is now easily seen. Cell 6 divided, 
and cell 7 appears to be in an early stage of cytokinesis. 


Cell 8 is marked here for the first time; 


it is a derivative of a peripheral cell, the other member of which pair does not directly concern 


our observations. 
hours ). 


later ( total elapsed time 27-5 hours ) 


‚Fig. 7. View of the same apex of Vicia 0-5 hour later (total elapsed time 8-5 
The partition wall between derivatives of cell 1 is now very clear, and the left derivative 
appears to have elongated and to be in the first stage of cytokinesis. 
division. Fig. 8. View of the same apex of Vicia 3 hours later ( total elapsed time 11-5 hours) 
derivative of cell 1 is further along in cytokinesis. 5 


Cell 7 has completed‘ 


Left 
2 nesis. Fig. 9. View of same apex of Vicia 16 hours 
. Cytokinesis completed in left derivative of cell 1. Because 


= = formation of new cells on the upper periphery of the apex during the elapsed time since 
18. 4, the relative position of all the numbered cells has been shifted toward the base of the 


figures. 


the foliar primordium has been 


While cell 5 was near the upper margin i i it i i 
gin in Fig. 5, it is now three cells below it. Cells 
were the apparent center of the apex in Fig. 4; now they are far below it. 1 


In the present figure, 


left behind by the upward growth of a 
upward growth has put its surface out of oar ie ea 


EA 25% 
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This partition can be seen somewhat less 
clearly in an intermediate stage in Fig. 5 
(elapsed time of 4-7 hours). Figure 6shows 
the division of cell 6 and those numbered 
cells which will be followed in subsequent 
photographs of this series. Cell 8 was one 
of two derivatives, the partition wall of 
which had been completed in the interval 
between the two preceding figures. Cell 7 
shows the beginnings of cytokinesis which 
was completed in Fig. 7, 0:5 hours later. 
Figure 7 also shows the beginnings of 
division of the left derivative of cell 1, and 
the process continued in Fig. 8, 3 hours 
later, and was finally completed in Fig. 9, 
16 hours later. The half-hour required 
for division of cell 7 was the briefest inter- 
val noted for Vicia. Cells 3, 4 and 5 did 
not divide through Fig. 16, an interval of 
92-8 hours. Cells 4 and 5 divided in Fig. 
17, 21 hours later. Cell 8 was of parti- 
cular interest because it showed great 
enlargement in Fig. 13, divided in Fig. 14, 
and its derivatives produced 3 and 2 cells, 
respectively, in Fig. 17. These divisions, 
obviously near the center of the apex, 
added to the area of the meristem along 
with those on the periphery. Cell 2 did 
not divide until Fig. 12 ( after passage of 
37-9 hours ) at which stage the three deri- 
vative cells from cell 1 were recognizable 
on the flank of the apex. The derivative 
cells of cell 2 were clearly recognizable in 
Fig. 13 ( after passage of 14-6 hours ) but 
those from cell 1 were not, having been 
moved down the flanks of the dome by the 
expansion of cells in the center of the apex. 
Cell 3 serves, since it did not divide during 
the course of these observations, as a point 
of reference for the direction of growth of 
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the shoot apex as a whole. It was first 
observed in Fig. 4 near the edge of the 
shoot apex on the side away from the 
foliar primordium. While the apex was 
growing in height and leaving behind the 
foliar primordium, it was also growing in 
area on the flank beyond cell 3. The 
result was that cell 3 came to occupy 
closer and closer positions to the center of 
the apex, and achieved approximately 
that position in Fig. 13. The same direc- 
tion of growth continued, however, and 
cell 3 came to occupy positions to the 
other side of center from its original one. 
Formation of new cells and their expansion 
brought cell 3 to a position considerably 
below center in Fig. 17. 

There appears to be no evidence that 
the cells of the shoot apex move with 
respect to each other during growth. 
The changes in relative position of cells 
seem to be brought about in all cases 
by the addition of new cells lateral to 
the original ones of the apex; this causes 
an apparent shift of the center. Another 
factor in this apparent shift of center in the 
shoot apex is the unequal rate of division 
in the various cells of its superficial layer. 


Observations on the Shoot Apex of 
Asparagus officinalis 


Of equal value to that of the broad bean 
was the shoot apex of common asparagus. 
Asparagus has an apex with a high, steep 
dome, and only the outermost cells with 
the surrounding youngest foliar primordia 
were photographed during their growth. 
Asparagus is almost unique among mono- 


cotyledons in the possession of narrow, 


hours ). 


the foliar primordium has continued. 
elapsed time 34-3 hours ). 
of same apex of Vicia 3-6 hours later 
The growth in height of the primordiu 


the center of the a 


Fics. 10-13 — Fig. 10. View of same apex of Vicia 2-7 hours later (total elapsed time 30:2 


The addition of new cells at the upper periphery of the apex has continued, with a 
further shift of the numbered cells towards the base. 


The growing apart of the shoot apex and 


d. Fig. 11. View of same apex of Vicia 4-1 hours later ( total 
The primordium and apex are slightly further apart. 
(total elapsed time 37-9 hours). 


Fig. 12. View 
Cell 2 has divided. 


{ m has caused a scattering of light to such an extent 
that the quality of image caught on the film was poor. 5 3 : 


Vicia 14:6 hours later (total elapsed time 52-5 hours ). 
pex by addition of new peripheral cells at 

recognizable. Cell 8 has undergone great enlargement and m 

Quality of image poorer still due to scattering light from th 


Fig. 13. View of the same apex of 
Because of the continued shifting of 
the top, cells 1 and 7 are no longer 
ay be in early stages of cytokinesis. 
e large primordium. All, x 525. 
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non-clasping foliar primordia. A foliar 
primordium occupies approximately 60° 
of arc on the shoot apex. Freshly- 
harvested asparagus stem tips were ob- 
tained from local markets. Preparation 
of a stem tip for the culture medium con- 
sisted in surface sterilization and the ex- 
cision of the several score of imbricated 
scale leaves around the shoot apex. Ter- 
minal shoot apices were utilized and the 
numerous lateral buds of a shoot were 
discarded. 

Growth of asparagus stem tips was more 
rapid in culture than that of the other two 
plants studied. A continuing difficulty 
was the growth of a foliar primordium into 
a leaf of such size that it overarched the 
shoot apex and shut off the view of that 
meristem. It was usually possible to take 
the Kolle flask into the sterile transfer 
room, remove the side plug of cotton, 
insert a sterile microscalpel and remove 
the leaf without touching the shoot apex 
or introducing a contaminating micro- 
organism. Cell walls of the shoot apex 
were thinner than those of the broad bean, 
and did not always reflect sufficient light 
to be perfectly recorded on the film. 
Thus, in some instances where a cell divi- 
sion had obviously occurred, a complete 
wall could not be discerned all the way 
across a parent cell, but could be seen on 
both sides of the latter ( see Fig. 25 ). 

The series of Figs. 18 through 25 illus- 
trates the growth of an asparagus apex 
in vitro in minimal surface through the 
beginning of development of a lateral 
foliar primordium. The first view ( Fig. 
18) shows three numbered central cells, 
1, 2, and 3, and six lateral ones, 4, 5, 6, 7, 
8 and 9. The next view, Fig. 19 (67 
hours later) shows that cell 1 has produced 
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two derivatives and that the right deri- 
vative divided again. Cells 8 and 9 also 
divided, but since the derivatives were 
very small, they have not been numbered. 
Figure 20 (3-4 hours later) records that 
cells 4 and 5 divided, and that the deri- 
vatives of cells 8 (three) and 9 (two) 
enlarged. Figure 22 (5 hours later) illus- 
trates the division of one of the derivatives 
of 5, the division of both 6 and 7, and the 
formation of two derivatives from cell 2, 
which was the most central cell. Figures 
23 (2-4 hours), 24 (2-8 hours), and 25 
(1-5 hours) show some increase in the 
size of the derivative cells. 

Aside from the divisions of cells in the 
shoot apex, this series is of interest in that 
it shows the growth of three foliar prim- 
ordia at various distances lateral to the 
meristem. Only three foliar primordia 
were followed in this series. None of the 
three is visible in Fig. 18, while in Fig. 19 
(6:7 hours later) the two oldest ones 
appeared. In Fig. 20 (3-4 hours later ) 
P-2 had increased in size. In Fig. 21 
( 2-3 hours later ) all three had increased 
further in size. These three foliar prim- 
ordia continued growth through the rest 
of the series until in Fig. 25 ( 9-4 hours 
later ) P-3 had increased in extent by the 
upgrowth of new cells and was almost as 
wide as the shoot apex. 

The next series, also of Asparagus, 
showed a pronounced enlargement in each 
cell of the shoot apex prior to its division. 
It also illustrated a common difficulty in 
observing and photographing the apex of 
this plant — the growth of a foliar prim- 
ordium over the surface of the meristem. 
In the first photograph, Fig 26, five central 
cells, 1, 2, 3, 4, and 5, and three lateral 
ones, 6, 7, and 8, are marked. Figures 27 


hours ). 


except the enlargement of all cells except 3. 
(total elapsed time 92-8 hours ) 
formation of peripheral cells and 


hours later ( total elapsed time 113-8 hours ) 
there are five derivatives of cells 8. All, 


Fics. 14-17 — Fig. 14. View of same apex of Vicia 5 hours later (total elapsed time 57-5 
Cell 8 has completed division and cells 3, 4 and 5 have greatly enlarged. Fig. 15. View 
of same apex of Vicia 8-3 hours later (total elapsed time 65-8 hours ). i 


There has been no change 


Fig. 16. View of same apex of Vicia 27 hours later 
- The area of the shoot apex has gained considerably by the 


mati their coming into focus by the lens. 
derivative of 8 are in the first stages of a 7 


L Cell 5 and the lower 
Fig. 17. View of same apex of Vicia 21 


Pe: 4 and 5 produced two derivatives each and 
x . 
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(27-5 hours ) and 28 ( 16-5 hours ) showed 
the enlargement of these cells and the 
division of cell 6 in the former. In the 
latter the enlargement of cell 1 was espe- 
cially great, and cell 7 divided. Figure 
29 was taken only 6 minutes after Fig. 28, 
and showed that cell 1 and cell 8 divided 
into two derivatives each. The chrono- 
logy of these divisions is interesting in 
that it is much faster than that of any 
other dividing cell in this or earlier series. 
In comparison, cell 6 of Fig. 26 was un- 
divided 15-5 hours later in a figure that is 
not shown, and is seen to have divided in 
Fig. 27, a total of 27-5 hours later. Some- 
what more rapid divisions were observed 
in cells 2 and 3 of Fig. 29 which divided 7 
hours later in Fig. 30. 

Figure 29 shows the beginning of growth 
of the foliar primordium toward the shoot 
apex at the base of the photograph. 
Figure 30 shows the beginning of over- 
shadowing of the apex by the rapidly 
growing foliar primordium. This series 
also shows an interesting shift of center of 
the apex by the enlargement of cells and 
the adding on new cells along the peri- 
phery of the meristem; in Fig. 26 cell 1 was 
below center, while by the time it divided, 
in Fig. 29, it was almost exactly in the 
center. 

In the final series, also of Asparagus, a 
foliar primordium grew to its full circum- 
ferential extent of 60° of arc during the 
course of the observations. Four central 
cells, 1, 2, 3, and 4, and three lateral cells, 
5, 6, and 7, are numbered in Fig. 31. 
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Figure 32 (1-6 hours later) showed the 
division of cell 3 and the enlargement of 
the others. Figure 33 (3-4 hours later) 
showed the division of cell 4 and the in- 
creased prominence of the foliar prim- 
ordium which had become increasingly 
evident in the first two figures at the base 
of the photograph. Figures 34 (3 hours 
later) and 35 (3-5 hours later) showed 
further growth of this primordium and the 
increase in area of the shoot apex by the 
circumferential divisions around its mar- 
gin. Figure 36 (3-7 hours later ) showed 
increased prominence of the foliar prim- 
ordium, while Fig. 37 (3 minutes later) 
recorded its further development, but 
above all the division of the top derivative 
of cell 4, of cells 5, 6 and 7. These divi- 
sions occurred even more rapidly than 
those in Fig. 29 of the last series. There 
was also a considerable increase in the 
area of the shoot apex in Fig 37. The 
expansion of the shoot apex is clearly 
shown by comparing the position of cell 
5 in Fig. 31 with that in Fig. 37; in the 
former its position is relatively close to 
the margin. 


Discussion 


A striking feature of the photographs of 
living, growing cells of shoot apices is the 
curved, rounded appearance of their anti- 
clinal walls. The only straight walls were 
those that had just been laid down; with 
the passage of time, they, too, became 
curved. It was, therefore, impossible to 
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_ Fics. 18-21 Fig. 18. Initial photograph of a shoot apex of Asparagus officinalis in 
minimal surface and immediately before the formation of a foliar primordium. The centermost 
cells 1, 2 and 3 appear to be surrounded by a common wall, as do cells 6-7 and 8-9. Fig. 19. 
View of same apex of Asparagus 6:7 hours later. Cell 1 now has three derivatives and the entire 
shoot apex has increased in area to the maximal surface; the second-youngest primordium, P-2 
( to right ) has just appeared on the apex. The oldest primordium in the photograph, P-1 (above) - 
has appeared a considerable distance beyond the apex and is out of focus due to its low position. 
Fig. 20. View of same apex of Asparagus 3-4 hours later ( total elapsed time 10-1 hours ). Cells 
4, 5 and 2 have two derivatives each, and cell 8, three. Cells 8 and 9 had obviously divided in 
the last figure, but they were so small that they could not be legibly numbered. Primordia P-1 
and P-2 are now both somewhat increased in size, and the youngest primordium to appear in this 
series, P-3, has become recognizable in the lower right part of the apex. Fig. 21. View of same 
apex of Asparagus 2-3 hours later (total elapsed time 12:4 hours). Cell 3 divided, and most 


ee of the apex increased in size. The three primordia increased further in prominence. 
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Fics. 22-25 — Fig. 22. View of same apex of Asparagus 2:7 hours later (total elapsed time 


15:1 hours). Cell 2, the upper derivative of 5, cell 6 and cell 7 divided. 
apex of Asparagus 2-4 hours later (total elapsed time 17-5 hours). The partition between the 
derivatives of cell 2 is thicker. The primordia, P-2 and P-3 are more prominent. Fig. 24. Same 
apex 2:8 hours later (total elapsed time 20-3 hour ). Increased prominence of P-3. Fig. 25. 


Same apex 1:5 hours later ( total elapsed time 21-8 hours ). P-3 has increased in size until it is 
almost as wide as the apex. All, x 350, 


Fig. 23. View of same 


Fics. 26-29 — Fig. 26. Initial view of a shoot apex of Asparagus officinalis. Fig. 27. View 
of same apex of Asparagus 27-5 hours later. Cell 6 divided and all of the other numbered cells 
enlarged. Fig. 28. View of same apex 16-5 hours later (total elapsed time 44-0 hours). Cell 7 
divided and cell 8 appears in the first stages of cytokinesis. Cells 6 and 1 continued enlargement. 
Fig. 29. View of same apex 0-1 hour later ( total elapsed time 44-1 hours). In this short interval 
cell 1 divided and cell 8 completed formation of the partition. The group of cells at the base of 
the photograph are a foliar primordium that was growing toward the shoot apex. All, x 525. 
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decide in any instance how many faces to The postulation of Plantefol (1947) of! 
attribute to any cell of the surface layer the “ anneau initial — a lateral ring of! 
of a shoot apex. Since this observation vigorously dividing cells around the shoot | 
was uniformly true of all the apices observ- apex is thus not substantiated by the 
ed, it seems feasible to question the value present in vitro observations. The only 
of the terminology of “faces” on each enhanced division rate in cells lateral to | 
superficial cell of a plant organ as utilized the shoot apex was in the growth of al 
by Lewis (1943). The present obser- foliar primordium, and since that occurred | 
vations indicate that the shape of asuper- in a limited number of degrees of are 
ficial cell of a shoot apex never approaches around the apex, it cannot be considered | 
the hexagonal form, as postulated by to be on all the flanks of the dome. 
Lewis (1943). Two possible explanations These two regions — “méristème d’at- 
may be offered for this discrepancy. The tente’’ and “anneau initial ” were re- 
first is that Lewis worked with mature peatedly confirmed cytochemically by 
epidermal cells, and that they may have, application of Brachet’s technique for 
in fact, different shapes from meriste- detection of ribonucleic acid by Lance 
matic ones. The second is that the shapes (1957 and in earlier publications) who 
of living, growing meristematic cells may found much of the substance in the latter, 
be different from those of any killed ones, and little in the former. Perhaps of 
and that “faces’’ and “ vertices” are arte- greater significance in this regard is the 
facts. It must be noted that Newman finding of Clowes (1959) that adenine 
(1956) made his observations and draw- tagged with C!* was uniformly incorpo- 
ings under conditions that caused severe rated into the desoxyribose nucleic acid of 
shrinkage of the cells of the shoot apices. cells of shoot apices. He concluded that 
No cells can be regarded, on the basis of shoot apices do not have quiescent central 
the present observations, as initial cells or zones in the manner of root apices to which 
apical cells of a shoot apex. No pattern he had previously applied the same tech- 
of division could be ascertained in the nique (Clowes, 1956). Popham (1958) 
superficial cells of the apices. made careful counts of the cell divisions in 
There was no central quiescent zone in the various “ zones ’’ of the shoot apex of 
any of the apices observed that could be Chrysanthemum mori folium and found, like- 
designated ““ méristème floral d’attente’’ wise, no quiescent central region. In this 
as postulated by Buvat (1952, pp. 228, result, he differed from the earlier cell- 
240 ). Cells on the surfaces of all apices division counts of many other workers 
studied by the present author underwent (see Buvat, 1952; Lance, 1957 ) who based 
divisions, and the rate of their partition their substantiations of theories of apical 
did not seem to differ from that of cells growth upon such observations. A sug- 
located laterally. Lateral regions of gestion of Newman ( 1956) that the dura- 
these apices, therefore, did not seem to tion of cell division in the shoot apex might 
have more cell divisions than the center. differ from that in older tissues was taken 


Fics. 30-33 — Fig. 30. Last view of the series that began with Fig. 26 of the shoot apex of 
Asparagus 7 hours later (total elapsed time 51-1 hours ). Cells of 2 and 3 divided, and the right 
derivative of cell 1 appears to be in the first stages of cytokinesis. The area of the shoot apex 
has gained greatly by formation of new cells below the top of the photograph and on the opposite 
side of the apex to the large foliar primordium at the base. This foliar primordium has started 
to obscure the view of the apex by growing over its surface. Fig. 31. Initial view of another 
series of Asparagus officinalis. Cell 4 is in early stage of cytokinesis. A foliar primordium is 
forming at the base of the photograph. Fig. 32. View of the same apex 1-6 hours later. Cell 3 
divided, but division of cell 4 not yet completed. The foliar primordium at lower side of apex 
has increased in extent. Fig. 33. View of same apex 3-4 hours later (total elapsed time 5:0 


eee ). Division of cell 4 is completed. Area of foliar primordium is greatly increased. All, 
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up also by Clowes ( 1959) who considered 
that the time a nucleus spends in mitosis 
is a small and variable fraction of the time 
spent in interphase. The very rapid cell 
divisions recorded for cells in apices of 
Asparagus in the present work lend sup- 
port to this thesis. However, it must also 
be noted that cell divisions in the apices of 
Vicia were not so rapid. Sufficient obser- 
vations have been made to make it possible 
to say with some assurance that cell divi- 
sions may occur with great rapidity in the 
surface cells of ashoot apex. These obser- 
vations are sufficient to cast doubt upon 
the validity of all data collected from killed 
fixed, sectioned apices. In this classical 
material, a section can only show what 
occurred at a particular time under the 
influence of the poisons in the killing fluid, 
modified by the subsequent processes of 
dehydration, embedding, cutting, staining. 
Further observations can only be made 
upon other apices which will invariably 
show different cellular arrangements and 
directions of cell division. 


Summary 


Living, growing shoot apices of Lupinus 
albus, Vicia faba, and Asparagus officinalis 
were photographed at intervals of 3 to 
5 minutes under an Ultropak objective for 
periods of 5 to 20 days. The shoots bear- 
ing the apices were provided with an 
appropriate sterile culture medium, a 
moist chamber in which no drying out of 
the tissues occurred, and the 1-second 
illumination for each interval or frame in 
the motion-picture film appeared to cause 
no deviation from normal growth. Foliar 
primordia were produced and grew into 
leaves that overarched the apex. The 
agenic environment (i.e. devoid of micro- 
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organisms ) was maintained throughout 
all of the observations. 

The shoot apex of Lupinus proved to be 
the least useful of the three for observa- 
tions on cell divisions. Although nume- 
rous cell divisions were noted in the central 
and lateral parts of the dome, the thinness 
of the new walls and the denseness of 
the protoplasts precluded the following 
of derivatives over a long period of time. 
Walls and protoplasts reflected approxi- 
mately the same amount of light. 

The shoot apex of Vicia gave the clearest 
pictures of cell division and of derivative 
cells because of the thickness of walls and 
the lack of denseness in the protoplasts. 
The walls reflected much light, while the 
protoplasts reflected very little. 

The shoot apex of Asparagus was also 
excellent material, although the walls were 
thinner than those of Viera. 

In none of the apices observed was there 
any restriction of cell divisions to the peri- 
phery, or to such a region that might be 
termed, or compared to the ‘anneau 
initial”. Nor was there any central 
region that might be termed a “ méristème 
d'attente ’’ where cell divisions were few 
or lacking. Cell divisions appeared to 
have approximately equal frequency in all 
parts of the apices observed. 

Concepts that have been built up on the 
bases of fixed mature tissues regarding 
the shapes of superficial cells cannot be 
applied to the data collected here on living, 
growing meristems. It has proven impos- 
sible to ascribe any definite number of 
“faces ’’ to the superficial cells of these 
shoot apices, and consequently any result- 
ing “ vertices ””, or directions of division. 
In actuality, the superficial cells of these 
meristems have rounded walls in which no 
“faces” could be decided upon. The only 
straight walls were those very recently 


Fics. 34-37 — Fig. 34. View 
8-0 hours ). 
later (total elapsed time 11-5 hours ) 
View of the same apex 3-7 hours later ( 
foliar primordium. 
hours ). 
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of same apex of Asparagus 3-0 h ] i 
The foliar primordium has increased in Ba F View où ee NN 


Fig. 35. View of same apex 3:5 hours 


. Increased growth of the foliar primordium. Fig. 36. 
total elapsed time 15-2 hours). Increased growth of the 


Fig. 37. View of the same apex 3 minutes lat im 
BEE e ; 
The divisions of the top derivative of 4, of cells 5, 6 and a ae 


curred since the last view, 
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deposited, and they very soon became 
curved with the passage of time. 

The suggestion of Newman that the 
duration of the process of cell division may 
be briefer in the shoot apex than in older 
tissues has been substantiated for Aspara- 
gus, where the process was found to have 
been completed in from 3 to 6 minutes. 
Cell division was not so rapid in Vicia 
and occupied one-half hour up to several 
hours. Definite data for Lupinus have 
been difficult to obtain, but it is prob- 
able that the process was generally slower 
than in Vicia. 
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It has been suggested that data con- 
cerning the growth by cell division in the 
shoot apex collected by use of killed, de- 
hydrated, embedded, sectioned material 
is unreliable. The handicaps to an ac- 
curate study of the meristem by the tradi- 
tional method are that no knowledge is 
extant on the effects of the killing re- 
agents; it is not known whether they 
accelerate, do not affect or depress the 
rate of cell division. It is probable, fur- 
thermore, that such fluids, along with the 
subsequent processing, affect the shapes 
of the cells. 
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CONTRIBUTIONS TO THE EMBRYOLOGY OF 
CANSJERA RHEEDII 


B. G. L. SWAMY 
Department of Botany, Presidency College, Madras 5, India 


The family Opiliaceae, as constituted in 
a restricted sense ( Sleumer, 1935 ), con- 
tains nine tropical genera, of which two 
( Aveledoa, Agonandra ) occur in the New 
World, one ( Rhopalopilia ) in Africa, and 
seven (Lepionurus, Cansjera, Meliantha, 
Champeria, Opilia and Gjellerupia ) in the 
Old World. One species each of Cansjera 
and Ofilia grows in Peninsular India. 
Excepting for some scattered observations 
on the structure of the ovule and female 
gametophyte of Cansjera rheedii, Opilia 
afzelii, O. amentacea, O. celtidifolia, O. 
tomentella, Rhopalopilia umbellata and 
Agonandra silvatica (Fagerlind, 1948), 
detailed embryological work is wanting on 
even a single species. Since the inter- 
relationships of the families included under 
the Santalales — Olacales are not clearly 
understood, a collection of new data from 
diverse botanical disciplines and their 
critical evaluation appears to be very 
necessary for obtaining a clarified picture. 


Observations 


ANTHER AND MALE GAMETOPHYTE — 
In transections each of the four corners of 
young anther shows the hypodermal 
archesporial cells. In longisections the 
archesporial cells are aligned in a row. 
The cells undergo a periclinal division and 
give rise to the primary parietal and the 
primary sporogenous layers. The former 
divides further essentially in periclinal 
plane so as to form three wall layers. The 
outermost of these ( next to the epidermis ) 
develops into the endothecium, and the 
innermost into the tapetum, while the 
middle one disintegrates eventually ( Figs. 
1-3). The tapetal cells become binucleate 
when the microspore mother cells undergo 
Meiosis I ( Fig. 2) and the nuclei of some 
of the cells divide again by the time the 
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microspore tetrads are formed (Fig. 3). 
The endothecium shows the characteristic 
banded thickenings at maturity ( Fig.4 ) 
while the epidermal cells become disorgan- 
ized. 

The primary sporogenous cells increase 
in number through a couple of mitotic 
divisions and the products of the last 
division function as microspore mother 
cells (Fig. 1). Normal reduction divi- 
sions follow in a simultaneous manner and 
microspore tetrads are organized by 
furrowing ( Figs. 2, 3). The individual 
microspores separate from one another, 
and become spherical. Meanwhile the 
spore coats are laid down and the micro- 
spore divides to give rise to the vegetative 
and generative cells. At the shedding 
stage, the latter is embedded within the 
cytoplasm of the vegetative cell ( Fig. 4). 

OVULE AND FEMALE GAMETOPHYTE — 
At the time of differentiation of the 
archesporial cell, the ovule primordium 
consists of a mass of parenchymatous 
tissue in which neither a nucellus nor an 
integument of the conventional type is 
readily recognizable. The archesporial 
cell functions directly as the megaspore 
mother cell, and even at this stage the 
parts of the ovule are not yet differen- 
tiated. Generally one or occasionally two 
or three cells of the epidermis, ( as seen in 
median longisections of the ovule ) overtop 
the megaspore mother cell at the apex; 
the lateral sides of the axial column formed 
of these two entities of cells are in turn 
surrounded by four or five layers of the 
ovule primordium (Fig. 9). The distally 
situated cells of the latter tissue undergo 
rapid divisions, essentially in the peri- 
clinal plane, so that the derivative cells 
grow past the axial column and thereby 
constitute a single integument enclosing 
the micropyle ( Figs. 10, 11). When the 


398 


megaspore mother cell embarks upon the 
first meiotic division, the overtopping 
epidermal cells become disorganized and 
thus the distally situated cell of the dyad 
or of the linear tetrad lies in immediate 
contact with the «integumentary cells 
surrounding the proximal extremity of the 
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only the chalazal continues further devel- 
opment ( Fig. 10), although occasionally 
other megaspores also may germinate to 
varying degrees. The nucleus of the 


functional megaspore undergoes three 


successive divisions to give rise to the. 
eight nuclei of the embryo sac. The 


micropylar quartet of nuclei becomes | 
organized into a pair of synergids, an egg | 
cell, and a polar nucleus which occupies a | 


micropyle ( Fig. 10). 
The megaspore mother cell gives rise to 
a linear tetrad of megaspores, of which 


Fics. 1-4 — Longisections of parts of anther theca. 
differentiating tapetum and microspore mother cells in synizesis. 
microspore mother cells in Telophase I. 
tetranucleate cells; microspore quarters in the locule. 


Fig. 1. Young anther wall with the 
Fig. 2. Binucleate tapetum and 
Fig. 3. Tapetum consisting partly of binucleate and of 


Fig. 4. Endothecium; mature pollen 


grains in the locule. All, x 530. 


—> 


Fics. 5-15 — Figs. 5-7. Median longisections of gynoecia at successive stages of develop- 
ment; densely stippled zone represents the meristematic region. x 84. Fig. 8. Same, immediately 
after fertilization. x 60. Fig. 9. Young ovule showing the megaspore mother cell and the 
confronting two cells of the nucellar epidermis; enlarged from Fig. 5. x 530. Fig. 10. Longi- 
section of ovule showing the integument, micropyle, three degenerating megaspores and two- 
nucleate embryo sac; enlarged from a stage as in Fig. 6. x 530. Fig. 11. Same, with four- 
nucleate embryo sac; enlarged from Fig. 7. x 530. Fig. 12. Median longisection of gynoecium 
during early post-fertilization development; note the axial and peripheral systems of vasculature 
and the increased thickness of the ovary wall due to divisions in the innermost cell layers. x 50. 
Fig. 13. Longisection of basal part of ovary at a later stage showing the origin of the secondary 
haustoria and of zonal differentiation in the outer layers of the ovary wall. x 50. Fig. 14. 
Same, older stage, at the time of differentiation of sclerenchymatous enclosure limiting the haustor- 
ial orbit. x 35. Fig. 15. Same, still later stage with sclerenchyma fully developed; rectangle 
inset enlarged in Fig. 27, and levels A and B as transections in Figs. 30 and 31 respectively. x 30. 
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position adjacent to the egg apparatus. 
Of the four nuclei at the antipodal end, 
three undergo precocious degeneration, 
while the fourth or lower polar nucleus 
migrates towards the opposite pole and lies 
in contact with the upper polar nucleus; 
both these undergo conspicuous enlarge- 
ment while-in this location and are the 
largest nuclei of the female gametophyte. 
Thus, the embryo sac at the time of ferti- 
lization possesses only the egg apparatus 
and the juxtaposed polar nuclei. It should 
also be noted that the mature gametophyte 
is characteristically bent in the form of 
the letter U, in which the chalazal arm is 
longer and caecum-like ( Fig. 16). 

The curvature of the embryo sac and the 
development of the caecum — especially 
during post-fertilization phase — appear 
to be intimately related to the morpho- 
genetic growth patterns of the ovule and 
the ovary respectively. As observed by 
Fagerlind (1948), the ovule of Cansjera 
rheedii does not exhibit any structure that 
can be identified as a funicle. In onto- 
geny a hemispherical mass of parenchyma- 
tous tissue arises from the base of the 
gynoecium as a result of periclinal divi- 
sions in the epidermal and two or three 
subjacent cell layers; the direction of 
growth soon shifts over by 90 degrees 
during which period the megaspore mother 
cell becomes clearly delineated as posses- 
sing an orientation in conformity with the 
change in the direction of growth of the 
ovule primordium ( Figs. 5, 9). The sub- 
sequent pattern of growth is such that 
the apical part undergoes further curva- 
ture approximately at a right angle. Asa 
result the ovule primordium roughl 
assumes the shape of a U (Fig. 6); the 
ultimate shape becomes very much more 
pronounced with the complete develop- 
ment of the integument which grows to- 
wards the base of the gynoecium (Figs. 7, 
10). Thus, the time of differentiation of the 
megaspore mother cell, i.e. when the direc- 
tion of growth of the ovule primordium 
is shifting by 90 degrees, and the axial 
elongation of the gametophyte in situ 
(Fig. 11) appear to be responsible for the 
shallowly curved contour of the embryo 
sac. 

The second step in the attainment of the 
characteristic shape of the mature embryo 
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sac —i.e., the elongation of the chalazal 
arm — is associated with the growth in 
height of the gynoecium. At the time of 
differentiation of the megaspore mother 
cell, the length of the solid part of the 
gynoecium is just one-sixth of its total 
height (Fig. 5). The cells of the solid 
part as a whole become meristematic, and 
as a result, the locule, style and stigmatic 
parts become raised. During the early 
stages of sporogenesis, the proportion of 
the solid part to the total length of the 
gynoecium is 1:3 ( Fig. 6); at the time of 
organization of the gametophyte, the pro- 
portion changes over to 1:1 (Fig. 7). It 
is at this stage that the antipodal end of 
the embryo sac begins to elongate in the 
form of a caecum towards the solid base 
of the gynoecium. As the caecum pene- 
trates deeper, the height of the solid part 
correspondingly increases due to the acti- 
vity of the underlying meristem, so much 
so that when the embryo sac is ready to be 
fertilized, the relative proportion between 
the solid part and the total length of the 
gynoecium is 3:1 ( Fig. 8) as against 1:3 
of the earlier stage ( Fig. 5). Although 
the caecum does not penetrate the entire 
length of the solid part of the gynoecium 
during the pre-fertilization period, there 
is clear indication that the meristematic 
activity facilitates: the downward exten- 
sion of the tubular structure. When the 
growth of the caecum is initiated, the anti-' 
podal nuclei also migrate into the pouch, 
but undergo rapid degeneration long be-. 
fore the maximum development of the 
tubular extension prior to the stage of 
fertilization. The micropylar part of the 
embryo sac enlarges in an over-all, 
manner, although to a more pronounced 
degree towards the micropyle. During 
this process, the surrounding cell layers of 
the integument ( excepting the outermost 
layer ) break down as also the cells border- 
ing the entire length of the micropyle, with 
the result that the lumen of this arm of the 
gametophyte becomes wider than the 
longer caecum-arm; also, the egg appara- 
tus lies almost exposed through the gap- 
ing micropyle ( Fig. 16). 

Accumulation of compound starch 
grains in the embryo sac commences soon 
after the formation of the eight gameto- 
phytic nuclei; the rate of accumulation is 
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rapid and the grains become uniformly 
and densely distributed in the cytoplasm 
(Fig. 16). This condition persists until 
after fertilization. The synergids, ever 
since the time of their differentiation, fail 
to exhibit the basal vacuoles so charac- 
teristically present in other plants. The 
cytoplasm is evenly dense and finely 
granular; no ‘filiform’ structures are 
developed. However, the nucleus occupies 
the normal position, that is, near to the 
apex. Just before fertilization the limit- 
ing membrane of the cells disappears. al- 
though no distortion of shape is caused; 
the cytoplasms merge along the facet of 
mutual contact. The nucleus, while re- 
maining in its original position, becomes 
greatly distorted. At the time of ferti- 
lization, the “‘ fused’’ synergids form a 
sort of a cap over the egg cell ( Fig. 16). 
Stages in fertilization were not available. 
However, circumstantial evidence indi- 
cates that syngamy and triple fusion pro- 
ceedinanormal way. The primary endo- 
sperm nucleus moves to the neighbour- 
hood of the bend. Its division is followed 
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by the deposition of a wall, whereby the 
embryo sac becomes segmented into a 
more or less ovoid micropylar chamber 
and a tubular chalazal chamber ( Fig. 17). 
Following fertilization the compound 
starch grains break up into simple ones, 
and after the division of the primary endo- 
sperm nucleus they become more or less 
equally distributed in the daughter cells. 
The grains are metabolised during the 
early stages of the cellular endosperm 
( cf. Figs. 18 and 19). 

CELLULAR ENDOSPERM — Cell divisions 
in the micropylar chamber proceed at a 
rapid rate and soon a somewhat spindle- 
shaped mass of tissue is organized. By 
this time the tissue of the ovule surround- 
ing the gametophyte is completely dis- 
organized so that the developing endo- 
sperm comes in direct contact with the 
inner surface of the gynoecium ( Fig. 19). 
Further growth causes the cellular endo- 
sperm to surround the apical part of the 
caecum (Fig. 20). The suture of the 
fusing edges is recognizable only during 
the early stages and after complete fusion, 


Fics. 16-20 — Fig. 16. Mature female gametophyte and neighbouring tissues; note the 


accumulation of compound starch grains within the embryo sac. x 530. Fig. 17. Embryo sac 
‘after fertilization, segmented into micropylar and chalazal chambers following the division of the 
primary endosperm nucleus; note the conversion of compound starch grains into simple ones. 
x 530. Fig. 18. Early stage in the development of cellular endosperm in the micropylar chamber 
and elongation of the caecum. x 530. Fig. 19. Same, at a later stage. x 310. Fig. 20. Still 
later stage when the cellular endosperm has just enveloped the apical part of the caecum. x 280, 
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the rate of increase in the circumference 
of the endosperm mass proceeds uniformly 
so that the embedded part of the caecum 
now lies along the median longitudinal axis 
of the endosperm. With further increase 
in volume, the endosperm assumes an 
ovoid shape possessing a depression in the 
neighbourhood of the caecum, as a result 
of which the cell mass bears a heart-shaped 
outline as seen in median longisections 
( Figs. 13-15). Due to the extension of 
the cellular endosperm towards the apex 
of the gynoecium, the corresponding end 
of the caecum appears as if it had intruded 
into the substance of the endosperm 
through the basal depression ( Figs. 13, 
14). Even during later stages, the part 
of the caecum surrounded by the cellular 
endosperm does not become crushed or 
obliterated ( Fig. 15 ). 

PRIMARY ENDOSPERM HAUSTORIUM — 
Simultaneously with the increase in height 
of the solid basal part of the gynoecium, 
cell differentiation is initiated in the newly 
formed tissue. Although a large bulk of 
the tissue remains parenchymatous, vas- 
cular strands develop in continuation with 
the older ones in the pedicel ( Fig. 8). 
Two systems of strands become organized, 
a peripheral system that remains embed- 
ded in the ovary wall and reaches the top 
level of the gynoecium, and an axial sys- 
tem that extends only as far as the length 
of the solid part of the gynoecium. 

The tip of the embryo sac caecum soon 
comes in contact with the axial vascular 
system (Fig. 12). The caecum extends 
progressively towards the base of the 
gynoecium, destroying the axial system 
ofvasculature. During this phase, there is 
also an increase in the diameter of the 
caecum in its middle part as a result of 
which it becomes spindle-shaped ( Figs. 
21-23). It may be mentioned incidental- 
ly that the caecum does not put forth any 
branches during this period of growth; nor 
does it show any evidences of aggressive 
haustorial activity. However, its nucleus 
becomes hypertrophied and the quantity 
of cytoplasm in the cell increases. These 
features together with the comparatively 
rapid rate of growth of the cell may pos- 
sibly indicate a mild haustorial function. 

The moment the free end of the caecum 
comes in contact with the extreme base of 
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the gynoecium, — the level of separation 
of the axial and peripheral systems of 
vasculature — the tip of the cell prolife- 
rates into two to four (rarely five ) major 
branches which continue to penetrate 
deeper into the tissues. Each branch 
generally also sends out a couple of short 
tubular processes, but these do not grow 
to any considerable length. The major 
branches, in contrast to the main body of 
the caecum, remain tubular. Further 
proliferation of their tips takes place at 
very short intervals with the result that a 
somewhat corolloid appearance is impart- 
ed to the ultimate branch system. This 
feature is best appreciated in macerated 
“ whole ’ preparations ( Figs. 21-23). The 
haustorium represented in Fig. 22 is an 
abnormal one, the caecum having become 
bifurcated during very early stages of 
ontogeny and each branch continuing 
further development as an independent 
haustorium. 

The aggressive activity of the hausto- 
rium may be said to begin from the time 
of formation of major branches. The nu- 
cleus undergoes more pronounced hyper- 
trophy accompanied by some distortion 
in shape. Nucleolus-like bodies increase 
in number to five or six and the chromatin 
becomes clumpy ( Fig. 28, centrally sit- 
uated haustorium ). Numerous vacuoles 
of diverse sizes appear in the cytoplasm 


which itself presents a coarsely granular * 


texture; darkly staining granules of a 
larger size accumulate in groups here and 
there throughout the cytoplasm.. While 
such is the situation in the swollen un- 
branched part of the haustorium, the 
cytoplasm in the branched part — parti- 
cularly of the ultimate order — is finely 
granular, dense, even-textured and devoid 
of conspicuous vacuoles. 
description is a composite one, obser- 
vations having been based on macerated 
as well as sectioned and stained prepa- 
rations. When fresh fruits are dissected 
and the haustorium mounted in isotonic 
media and observed continuously under a 
phase-contrast microscope, the granular 
contents of cytoplasm are seen to be carried 
along the streaming movement; major 
and minor currents quite often change 
their directions of flow; older connections 
of cytoplasmic strands are constantly 


The foregoing : 


Secondary 


igs. 24-26. 


haustoria, 


imary 


21-23. Pri 


igs. 


F 


Fics. 21-26 — Macerated haustoria 
All, x 310. 


haustoria. 
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Fig. 27 — Enlargement of the rectangular inset in Fig. 15. 
Syccessive serial sections with a total thickness of 75 u. x 180. 


À composite drawing from five 
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Fics. 28-29 — Fig. 28 (above). Early stage in the elongation of secondary haustoria as seen in 
median longitudinal sections of developing fruit; the centrally situated tubular part belongs to 
the primary haustorium. x 220. Fig. 29 (below). Branch system of primary (right of centre ) and 
secondary haustoria ramifying in the basal tissues of the gynoecium. Note the disintegration 
of walls of cells that neighbour the haustorial branches. X 220. 
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broken and new ones established. These 
activities appear to be related, at least 
in part, to the vacuoles that are all the 
time changing their volume and shape. 
The presence of lipoidal substances was 
also verified by appropriate microchemical 
tests. However, the nucleus remained 
static in a somewhat central position in the 
spindle-shaped portion, Such a constant 
position is confirmed in macerated ( Figs. 
21-23) as well as sectioned (centrally 
situated haustorium in Fig. 28) material. 
The growth of the haustorium and of 
its branch system is always in the direction 
of the pedicel. Although the haustorial 
branches do not penetrate regions beyond 
the base of the gynoecium, they spread 
out quite evenly in the vascular tissue of 
the axis. From the time of inception, 
the growth of the caecum, of the hausto- 
rium, and of its branch system is strictly 
intercellular ( Fig. 29, haustorium to the 
right of centre). Thus, the mechanism 
involved in the growth and ramification 
of the haustorium in Cansjera is funda- 
mentally different from that recently 
described for Nothapodytes foetida, where 
the haustorium spreads by incorporating 
the neighbouring cells and their proto- 
plasts into its system in an intracellular 
manner (Swamy & Ganapathy, 1957). In 
Cansjera the ramification of the hausto- 
rium appears to be facilitated by the dis- 
solution of the middle lamella and prim- 
ary walls of the cells that neighbour the 
haustorial branches. It is quite possible 
that the destruction of the walls is a result 
of enzymatic activity, the enzymes con- 
cerned being liberated by the haustorium 
itself. Two or three layers of cells that 
lie adjacent to a haustorial branch become 
involved, and when a branch system is the 
causative agent, almost all the parenchy- 
matous cells that come within its orbit 
lose their walls ( Fig. 29). Extension and 
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further proliferation of haustorium thus 
take place strictly along the path of the 
walls, now dissolved. That the primary 
walls actually break down and that the 
observed histological feature is not due to 
artificial or mechanical causes were con- 
firmed by examining the preparations 
(hand sections of fresh material and 
microtome sections of killed, sectioned, 
stained and unstained material) under 
polarised light. 

The dissolution of the cell walls does not 
cause either a change in the shape of the 
protoplasts or their fusion. The cyto- 
plasm becomes even-textured and the 
vacuoles disappear ; the nuclear membrane 
loses its distinctness, the chromatin part 
becomes amorphous and the nucleolus 
non-stainable. A little later, the nuclear 
mass is rendered structureless and non- 
reactive to biological stains; the cyto- 
plasm also becomes only weakly stainable. 
Still later, the protoplast shrinks and col- 
lapses. 

SECONDARY ENDOSPERM HAUSTORIA — 
The exact time of origin of the secondary 
endosperm haustoria could not be deter- 
mined. However, they are not seen prior 
to the commencement of the branching 
activity of the primary haustorium. The 
endosperm cells that lie in the neighbour- 
hood of the primary haustorium in the 
region of the basal depression are generally 
in a state of active division and possess — 
a more densely staining protoplasts ( Figs. 
27, 28). The superficial cells that are 
placed adjacent to the primary hausto- 
rium become protuberant and their nuclei 
increase in size. Of these one or two 
whorls of cells that lie immediately next 
to the primary haustorium — although 
not in actual contact with it — begin to 
elongate in the form of tubes towards the 
base. The elongating cells soon establish 
lateral contacts among themselves on the 
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Fics. 30-31 — Transections of a maturing fruit of the stage shown in Fig. 15, at levels A and 


B respectively. Fig. 30. Outer zone of small cells — 


diameters and with sli 
of cells with contents — secondary haustoria 
Fig. 31. Outer zone of cells — cells of ovary w 
cells — sclerenchymatous sheath around the 
axial system of vaculature with extra-vascul 
systems of haustoria (stippled). x 220. 


endosperm; next inner zone of cells of larger 


ght collenchymatous thickenings — ovary wall tissue at the base; circlet 
; central large cell— primary haustorium. x 220. 
all external to the peripheral vascular system; stone 
axial vascular system; centrally situated tissue — 
ar parenchyma in which are embedded the branch 
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one hand, and with the primary hausto- 
rium on the other ( Figs. 28, 30). Thus, 
the secondary haustorial initials grow to- 
gether and continue to penetrate the tis- 
sues of the ovary as far as the level of 
branching of the primary haustorium. 
Now the free end of the secondary hausto- 
rium branches out into three to five lobes 
which grow deeper in the form of narrow 
tubes; these in turn proliferate into shorter 
and narrower ones at closer intervals, the 
same way as in the primary haustorium 
( Figs. 24-26, macerated preparations; Fig. 
29, sectioned preparation). Thus, in the 
general method of growth of the hausto- 
rial initial, in its branching and ramifica- 
tion, in the mechanism of spreading and 
aggressiveness it shows close similarities 
with the secondary haustoria. The some- 
what static location of the hypertrophied 
nucleus in the unbranched broader part 
of the haustorium is again a common and 
constant feature in both; so also the 
minute histological features and behaviour 
of the protoplasts. In sectioned material 
an examination of the unbranched part of 
haustoria provides an easy means of dis- 
tinguishing the two types by virtue of 
their relative topographical relationships. 
In longisections the primary haustorium 
occupies ‘a central position while the 
secondary haustoria lie on either side 
( Figs. 27, 28); in transections also the 
centrally situated primary haustorium is 
more or less completely surrounded by the 
secondary haustoria (Fig. 30). In either 
case the diameter of the unbranched part 
of the primary haustorium is always larger 
than that of the secondary haustoria. In 
macerated preparations they may be dis- 
tinguished on the basis of the shape of the 
unbranched part: in the primary hausto- 
rium it is typically spindle-shaped ( Figs. 
21-23) and in the secondary it is some- 
what cylindrical ( Figs. 24-26). It may also 
be noted — although not as a diagnostic 
feature — that the over-all branching of 
the secondary haustoria is of a slightly 
lower order as compared with the primary 
haustorium. 

LATER ORGANIZATION OF PRIMARY AND 
SECONDARY HAUSTORIA — The ultimate 
branch systems of the two types of hausto- 
ria penetrate and ramify amidst the axial 
vasculature in the basal part of the gynoe- 
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cium. The direction of growth of the 
haustorial branches is essentially down- 
wards, the cross-sectional boundary being 
circumscribed by the differentiation of 
stone cells in the neighbouring tissue 
( Figs. 14, 15, 27, 31). By this time the 
vascular differentiation in the remaining 
strands of the axial system as well as in 
other strands at this level will have be- 
come complete, and incidentally it may 
be noted that transversely oriented simple 
perforations occur in the vessels of the 
metaxylem (Fig. 27). The axial vascu- 
lature is, however, embedded in a ground 
tissue of parenchyma. The ultimate haus- 
torial branches appear to possess a prefer- 
ence to the extra-vascular parenchyma 
in the first instance (Fig. 31), finally 
invading the cells of the phloem tissue. 

POST-FERTILIZATION HISTOLOGY OF 
THE OvARY WALL — The influence of 
fertilization brings about important 
changes in the pericarp. The first obvious 
effect is in the extension of vasculature 
into the gynoecium in the form of axial 
and peripheral systems. As has been 
noted earlier, the peripheral system of 
strands differentiates in the middle layers 
of the wall tissue ( Fig. 8). The strands 
spread evenly in the wall and show weak 
anastomoses. The wall tissue internal to 
the peripheral system of vasculature be- 
comes meristematic and the cells divide 
essentially in the periclinal plane, a feature 
that may be evidenced by the radial align- 
ment of the derivative cells ( Figs. 12-15 ). 
The newly formed tissue remains wholly 
parenchymatous and is gradually absorbed 
by the growing endosperm (cf. Figs. 13- 
15). In the mature fruit, the endosperm 
tissue lies almost in immediate contact! 
with the vasculature of the peripheral 
system. The wall tissue external to the 
latter differentiates into two zones ( Figs. 
13-15 ):. an inner, hard, cartilaginous 
zone in which the cells are modified as 
sclereids, and an outer parenchymatous 
zone, the cells of which constitute the soft 
pulp of the fruit. 

As already stated a zone of sclereids 
limits the lateral spread of the endosperm 
haustorial system in the basal tissues of 
the ovary. These cells differentiate in the 
immediate neighbourhood of the axial 
system of vasculature and envelope it in 
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the form of an obconical cup ( Figs. 14, 
15, 27, 31). The sclerenchymatous zone 
of the ovary wall establishes contact with 
the lateral sides of the cup at very mature 
stages. 


Summary 


The wall layers of the anther are pari- 

etal in origin. The outermost of these 
matures into the endothecium and the 
innermost into a secretory tapetum; the 
cells of the latter are tetranucleate. 
The meiotic divisions in the microspore 
mother cells are simultaneous and micro- 
spores are formed through furrowing. 
The pollen grains are shed in the two-celled 
condition. : 
The structure of the ovule shows an 
extremely reduced nucellus which is re- 
presented by a single hypodermal arche- 
sporial cell together with its superposed 
epidermal cells. The cell layers that en- 
velope the two-tiered nucellus are inter- 
preted as belonging to the integument. 
Although a micropyle is organized, it is 
destroyed during the growth of the embryo 
sac. The female gametophyte is of the 
Polygonum type. The antipodal end of 
the gametophyte elongates as a caecum 
in the direction of the base of the gynoe- 
cium. At the time of fertilization, the 
embryo sac has a U-shaped form, the 
caecum forming the longer arm. Com- 
pound starch grains fill the embryo sac 
cavity. 

After fertilization, the primary endo- 
sperm nucleus divides at the region of the 
bend, and as a result, the gametophyte 
becomes partitioned into a cyst-like micro- 
pylar and a tube-like chalazal compart- 
ment. Rapid cell divisions in the former 
give rise to the endosperm tissue. The 
caecum continues to grow towards the 
base of the ovary. This is accompanied 
by an increase in the height of the solid, 
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basal part of the gynoecium. The middle 
part of the caecum becomes slightly smal- 
ler and the free end sends out a couple of 
major branches, which in turn proliferate 
into numerous papillate processes at close 
intervals. The ultimate branch systems 
penetrate and ramify in the parenchyma- 
tous tissues in and around the axial vascu- 
lature. The path of spread of the hausto- 
rium and its branch system is strictly 
intercellular and its progress is facilitated 
by the dissolution of the primary walls of 
cells that lie within the orbit of haustorial 
activity. | 

Secondary endosperm haustoria dif- 
ferentiate from the cells of the endosperm 
that lie in the immediate vicinity of the 
primary haustorium. For a time, the 
initial cells elongate towards the base and 
undergo identical ontogenetic modifica- 
tions as the primary haustorium. In 
macerated preparations the branched 
part of the two categories of haustoria 
exhibits basically similar morphological 
features. However, the unbranched part 
of the primary haustorium is typically 
spindle-shaped while the corresponding 
region in the secondary haustoria is some- 
what cylindrical. The branch systems of 
the primary and secondary haustoria 
jointly ruminate in the tissues of the axial 
vasculature, ultimately destroying all the 
living cells of the region; their cross-sec- 
tional activity is limited by the develop- 
ment of a zone of stone cells. 

During post-fertilization development, 
the cells constituting the innermost layers 
of the ovary wall divide repeatedly, there- 
by adding to its overall thickness. How- 
ever, the newly formed tissue becomes 
completely destroyed with the increase in 
bulk of the endosperm. The remaining 
layers of the ovary wall form an inner 
hard zone containing the peripheral system 
of vascular strands and an outer pulpy 
zone. 
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REVIEW 


TAYLOR, W. R. 1960. “ Marine Algae 
of the Eastern Tropical and Sub- 
tropical Coasts of America.” Pp. 870. 
The University of Michigan Press. 
$ 19-50. 

Tus book has been written on the same 

lines as Professor Taylor’s earlier book 

“Marine Algae of the Northeastern 

Coast of North America’ (Second Re- 

vised Edition, 1957). The two together 

give an almost complete account of algae 
from tropical to arctic regions of the 
eastern and northeastern coasts of North 
and South America. Professor Taylor 
has done a yeomanly service to algology 
by bringing out these two very profound, 
beautifully illustrated and useful volumes. 

This present volume does not claim to 
present a monographic treatment of all 
the groups. The author has recognized 
the extraordinary range of variability in 
many marine algae and this is an appro- 
priate warning to those who are in a hurry 
to create new taxa on minor variations. 
The book is illustrated with 80 magni- 
ficient plates, a 27-page bibliography and 
an exhaustive index. It can undoubtedly 
claim appreciation by virtue of its excel- 
lent illustrations alone. 

The first part deals with the intro- 
duction which covers the historical survey, 
geographical distribution, algal habitats, 
collection and preservation of algae. This 
part is most useful indeed. Text Figs. 
2, 4, 6, 7, 9, 10 and 13 on algal habitats 
are of excellent quality and one is remind- 
ed of almost similar scenes on the Indian 
coasts. The factors affecting growth and 
distribution of algae under marine habi- 
tats have been well analysed. An account 
of the methods of collection and preser- 
vations has been presented in considerable 
detail. 

The bulk of the space is devoted to a 
descriptive catalogue which furnishes keys 
to orders, families, genera, species and 
varieties and their descriptions, range of 
distribution and habitats of recorded taxa. 


The latter, at the end of the descriptive 
catalogue, is a welcome feature. 

A new family, Wurdemanniaceae, under 
the order Gelidiales of the class Rhodo- 
phyceae, .has been created to include 
Wurdemannia miniata (Draparnaud) 
Feldmann and Hamel. Further, eight 
new species (Caulerpa floridana, Dictyota 
jamaicensis, Dictyopteris jamaicensis, D. 
hoytii, Padina haitiensis Thivy, P. perin- 
dusiata Thivy, Cryptonemia bengryi and 
Ceramium uruguayense) and four new 
varieties ( Dictyota ciliolata var. bermu- 
densis, Galaxaura obtusata var. major, 
Rhodymenia pseudopalmata var. caroliniana 
and Herposiphonia pecten-veneris var. 
laxa) have been recorded and describ- 
ed. 

The following deficiencies are being 
listed in the hope that they will be con- 
sidered as constructive and can be rectified 
in the next edition. A consolidated sys- 
tematic list of the algae included in the 
text should have preceded the descriptive 
catalogue as has been done in the second 
revised edition of “ Marine Algae of the 
Northeastern Coast of North America’) 
In the absence of such a list one has to 
search through a number of pages to 
ascertain the classification followed by the 
author and to find out whether a part- 
icular type has been described or not. 
While creating a new taxon it is desirable 
to mention separately the outstanding 
characters of the new form and to mention 
the points in which it approximates to or 
differs from closely related types. This 
helps an investigator, to a great extent, in 
grasping the basic characters and affinities 
of the new taxa. Only a half-hearted 
approach has, however, been made in this 
direction. It is absolutely necessary to 
give diagrams or photographs of new taxa 
but unfortunately this has not been done 
for Rhodymenia pseudopalmata var. caro- 
liniana and Herposiphonia pecten-veneris 
var.laxa. Finally, the treatment of the or- 
der Tetrasporales after the Chlorococcales 
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may not be supported by most phyco- 
logists. 

In spite of the minor drawbacks pointed 
out above the book is highly commendable 
in its scope and thoroughness and the 
author has done an admirable task. The 
printing, binding and the general get up 
are of high order. The price of the book 
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is, however, very high and is beyond the 
means of students. The inclusion of a 
large number of excellent diagrams and 
photographs and the quality of the paper 
used probably explain the high cost of 
production. 
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